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PREFACE. 

CT  HE  Principia  being  a  book  which  is  univ  erf  ally 
read  by  all  the  world,  that  pretend  to  any  degree 
cf  philofopbical  learning  -,  it  cannot  be  improper  to  ex- 
plain fuch  pajfages  therein  as  fern  obfcure  and  difficult. 
For  alt  ho9  it  is  written  in  as  clear  a  ft  He  as  can  be  done 
in  fo  few  words  ;  yet,  by  reafon  of  its  concifenefs, 
and  the  difficulty  of  the  fubjetls  treated  on,  many  things 
occur  which  require  jome  farther  explication,  efpecially 
to  young  beginners. 

Accordingly  fever al  mathematical  writers  have  en- 
deavour id  to  explain  fome  parts  or  other,  of  this  book* 
to  make  them  intelligible  to  common  readers,  who,  with- 
out fuch  helps,  would  find  it  very  difficult  to  get  for- 
ward. 

"The  noble  fubjetls  this  book  treats  of,  being  no  lefs 

than  the  grand  fabric  of  the  world,  and  the  whole 

fyfttm  of  nature,  although  ccmprifed  in  Jo  little  a  com- 

pafs,  makes  it  highly  deferving  of  every  iliiftration  that 

can  be  given  it. 

1  he  author  hai  clearly  /hewn  in  this  book,  that  all  the 
bodies  in  the  world  are  actuated  by  the  univerfal  prin* 
ciple  of  Gravity  ;  which  is  this,  that  every  body  is  at- 
trailed  or  impelled  towards  any  other  body,  by  a  force 
which  h  reciprocally  as  the  few  re  of  the  diftance  of 
the  two  bodies.  On  this  umve •fal  principle  he  fhews, 
that  the  motions  of  ail  the  greet  bodies  in  the  world  are 
founded. 

Several  men  had  written  f  ft  ems  of  Philofophy  before 
■Sir  lfaac  ;  but  from  their  gnorance  of  nature,  none 
§f  them  could  ft  and  the  tejl.     But  his  Principles  being 
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built  upon  the  unerring  foundation  of  Obfervations  and 
Experiments,  muft  neceffarily  Jl  and  good,  till  the  dif- 
folution  of  nature.itfelf. 

This  little  Treatife  was  written  many  years,  fince  -, 
for  when  1  Jludied  the  Principia,  1  was  frequently  at 
a  flop,  which  obliged  me  to  make  calculations  here  and 
there,  as  I  went  on  -,  and  when  I  had  done,  Ife't  them 
down  as  notes  upon  thefe  places.  Wherein  I  only 
meddled  with  thefe  places,  that  appeared  difficult  to 
me.  Thefe  notes  collected  together  are  the  fubjetl  of 
the  following  Comment.  And  I  have  revifedthe  whole, 
and  added  fever al  things  that  feemed  wanting.  Tet 
J  believe  there  are  fome  things  ftill  behind,  which  are 
not  Sufficiently  explained  by  any  Commentator  ;  and  ef- 
pecially  fach  as  are  there  laid  down  without  their  de- 
monfirations. 

As  no  body  is  reckoned  a  Philofopher  that  does  not 
read  the  Principia ;  therefore  I  thought  proper  to  p.ub- 
iijh  this  fmall  Tratl,  fuppofing  that  it  may  be  ufeful  t& 
ethers,  that  have  a  defire  to  read  that  celebrated  work. 
What  I  have  further  to  mention,  is  this*  The  paffages 
referred  to,  and  which  are  to  be  explained,  are  not 
taken  from  the  Latin  edition,  which  would  not  fait  the 
Englifh  reader  -,  but  from  Motte'j  tranjlation,  and  from 
the  firft  edition  thereof,  if  there  happen  to  be  more. 

W.  Emerfon. 


ADVERTISEMENT. 

Befides  the  common  Algebraic  characters  which 
are  in  uie,  I  make  ufe  of  this  DC  *  which  figni- 
fies  a  proportion.  Thus  A  GC  BC,  fignifies  that 
A  is  in  a  conflant  ratio  to  BC,  or  that  A  is  as  BC. 
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CONTAINING 

Explanations  on  Sir  ISAAC  NEWTON'S 
Principia,  as  Tranflated  by  And.  Motte. 

[/""lOR.  2.  to  the  laws.  And  therefore  if  the 
\_J  weight  p  is  to  the  weight  A,  &c.  ]  For  p  will 
have  the  fame  effect  as  P,  if  p  :  P  :  :  pH  X  OL  : 
^N  X  perpendicular  from  O  on  pN.  And  P  :  A  : : 
(by  what  went  before)  KO  :  OL.  Therefore,  ex 
£quo9  if  p  and  A  are  in  equilibrio,  it  will  be  p  : 
A  :  :  pH  x  KO  :  pN  x  perpendicular  from  O  on 
pN.  Note,  the  linepN  ought' to  be  drawn  in  fig. 
2,  and  not  PL. 

[Cor.  4.  ib,]  This  is  demonflrated  in  Keil's  In- 
troduction, Theor.  20;  as  likewife  in  Lem.  23, 
p.  127,  of  this  book. 

[ib.  p.  28,  fab  finem  •,  but  the  diftance  between 
thefe  two  centers,]  that  is,  between  the  center  of 
the  two,  and  the  center  of  all  the  reft.  Further, 
the  actions  of  all  the  bodies  may  be  confidered  as 
the  fum  of  the  actions  of  every  two  ;  and  then  the 
cafe  will  be  plain. 

[Sch.  to  cor.  6,  p.  33,  then. will  ST  reprefent] 
For  if  RV  zz  retardation  cf  describing  2RA  -f- 
2VA,  ST  will  be  the  retardation  of  defcribing  i 
of  that,  or  i  RV  +  4-VA,  that  is  SA  or  fA-\  and  T 
therefore  the  body  falling  from  S  in  the  air,  or  from 
A3  T  in 
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Fig*  T  in  vacuo ;  will  have,  nearly,  the  fame  velocity 
in  A ;  the  fame  of  sA  or  tA  -,  for  afcending  to  s 
in  the  air*  or  afcending  to  t  (ox  defcending  from  / 
to  A)  in  vacuo  has  the  fame  velocity  in  A. 

[ib.  p  38,  but  if  they  are  turned  afide  by  the 
interposition]  This  is  plain  by  Prop.  16,  Mecha- 
nics. 

[ib.  And  in  like  manner,  &c]  By  the  fame 
Prop,  as  before. 


BOOK 
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SECT.      I. 

f  T  E  M.  io.]  For  let  AE  be  divided  into  an  in- 
I  j  finite  number  of  equal  parts,  any  part,  as 
D'  x  by  the  velocity  acquired  in  the  time  AD  (that 
is,  D  xDB),  is  as  the  fpace  defcribed  in  that  little 
part  of  time  D'  (for  the  fpaces  are  as  the  times  x 
by  the  velocities  j  \  and  the  lum  of  all  thefe  pro- 
duels  or  areas,  that  is,  the  areas  ADB,  AEC,  are 
as  the  whole  fpaces  defcribed  in  the  times  AD,  AE ; 
but  thefe  areas  are  as  ADZ  and  AE\  by  Lem.  9. 

[ib.  cor.  1.  —  to  the  bodies,  and  meafured — ] 
that  is,  and  the  faid  errors  meafured  by  the  dis- 
tances of  the  bodies,  &c. 

[Lem.  11.  have  a  finite  curvature]  Thefe  words 
exclude  thofe  curves  whofe  radius  of  curvature  is 
infinitely  fmall,  or  infinitely  great. 

[ib.  Schol.]  All  this  may  be  univerfally  demon- 
ftrated  after  this  manner.  Let  AB,  AF  be  two 
paraboloids.  Let,  latus  rectum,  of  AF  zz  *z,  of 
AB  zzb.  AC  =  %,  AE  =  x.  CB,  EF,  or 
AD  zzy.     And  let  m  be  any  affirmative  index,  and 

fuppofe^z=//+I.     And  F+:Md^j****\ 

mi  m-\-n  r 

Then  *»+"  xm+l  zrj  =  £«+»+»   X  &+*+*  . 
And    by   involution,    amXm+n+x  *w+*+I    ~ 
$T*Xm+i  zm+it     And  therefore,  am^mn+m  x* 

Z  £*'+>»«  +  «  +  »    .   .    %m+l  .  ^+x#       p^  becaufe  „ 

is   infinitely  fmall,  therefore  when  n  is  affirmative, 
the  firft  term  is  infinitely  lefs  than  the  fecond  ;  and 

therefore  zmJrl  is  infinitely  lelTer  than  xm+l  *,  but  if 

A  4  n  is 
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Fig.  n  is  negative,  the  firft  term  is  infinitely  greater  than 

the  fecond,  and  therefore  zm+l  is  infinitely  greater 

than  xm^1  ,  or  z  than  x  ;  that  is,  in  cafe  the  firft 
DB  is  infinitely  lefs,  and  in  cafe  the  fecond,  infi- 
nitely greater  than  DF.  But  DB,  DF  are  as  the 
curvatures  of  AB,  AF,  therefore,  &x. 

SECT.      II. 

2.  [Pr.  i.  cor.  4.  as  the  verfed  fines,  of  arcs]  de- 
fcribed  in  equal  times,  tending  to  the  center  of  force, 
and  bife6t  the  chords ;  let  AB  zz  BC,  and  Bd  be 
-*-  to  AC,  then  Ad  zz  dC.  And  when  the  arch 
AC  is  diminifhed  to  infinity,  e  coincides  with  d ; 
and  confequently  Ae  zz  eC,  or  B*S  bife&s  the  chord 
AC.  Complete  the  parallelogram  ABC/,  and 
eB  zz  IfB.  Note,  he  calls  that  the  verfed  fign  of 
an  arch,  which  is  commonly  called  the  verfed  fine 
of  half  that  arch. 

[Pr.  4,  cor.  2*]     For  the  forces    ex  ZL^1_  ex 

rad. 

I£ — _  ra...  Q<; ;    all  the  other  corollaries 

rad"  p  times* 

( except  the  laft)  depend  on  this. 

[ib.  cor.  8.]  Let  R  zz  radius  of  curvature  D  zz 
diftance  from  the  center  of  force.  Then  will  the 
p. time  ex  R*  oc  D*  (by  fimilar  pofition),  and  the 
areas  a  velocities  ex  RK— *  ex  Dn— *.  And  there- 
fore the  force    ex :  and  the  contrary. 

B  K— l 

2*j  [ibid.  cor.  9.]  Take  the  arch  Bd  infinitely  fmalj, 
and  let  BF  be  defcribed  by  the  revolving  body,  in 
the  fame  time,  that  a  body  fails  from  B  to  E  by  an 
uniform  centripetal  force,  which  it  has  at  B ;  then 
cd  is  the  fpace  fallen  in  the  time  of  defcribing  Bd. 
But  Cd  or  Bn  :  BE  :  :  ("as  the  fquares  of  the  times, 

that 
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that  is,  asj  BJ* :  BP  :  :  E:  ?!- .      But  B»  zz  Fi^ 

BA    BA  3- 

?*.     Therefore  BE  =  —.      And   BE  :  BF  : 
BA  BA 

BA  ±. 

[ib.  Schol.  as  the  fquare  of  the  length  applied 
to  the  radius ;]    for,  the  number  of  reflections  is 
oc  velocity  or  length  directly,  and  the  radius  reci- 
procally. 

[Pr.  7.  cor.  2.  in  the  fame  periodical  time]  Let  4.' 
ac  be  ||  to  RP,  and  da  ||  to  PS.  Then  if  the  pe- 
riodic rimes  be  equal,  the  areas  generated  in  a  gi- 
ven infinitely  fmall  time  mult  be  equal,  that  is,  the 
velocities  round  R  and  S  muft  be  reciprocally  as 
(the  -4/s  on  PG  from  R  and  S,  that  is,  asj  RP 
and  SG.  And  fuppofing  a,  c,  d,  to  coincide  in  P, 
the  force  round  R  to  the  force  round  S  is  in  the 
complicate  ratio  (of  ac  to  ad,  or)  SG  to  SP,  and  the 
fquares  of  the  times  of  deicribing  a  given  arch, 
that  is  reciprocally  as  the  fquares  of  the  velocities, 
that  is,  as  SGS  to  RP".  Therefore  the  force  round 
R  to  force  round  S  :  :  is  as  SG'  to  SP  x  ft.P%  when 
the  periodical  times  are  equal. 

Or  thus,  let  p  be  the  place  of  the  body  when  the 
tangent  pp-  is  j|  to  the  line  RS.  Then  the  veloci- 
ties round  R  and  S,  in  the  place  p,  will  be  equal ; 
for  thefmaii  areas  are  equal,  and  their  heights  are 
equal,  by  reafon  of  the  parallels  RS,  pg.  Draw 
TV,  tv9  and  then  by  fimilar  triangles  Sp'  x  pv>  zz 
Sg*  XpP.  And  S£  X  PV'  =  5G*  x  PT'.  Then 
by  this  prop,  force  round  S,  in  P  :  force  round  S, 

iii>:;  SV  X  pit*  or  S^' X  pt*    :  SP1  X  PV'  or 

op 
SG3  x  PT»a 

SP 

id  force  round  S,  in  p  :  force  round  R,  lap  :  : 
Sp  :  Rp  or  Sgl 

Alfo 
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Fig.      Alfo  force  round  R,  in  p  :  force  round  R,  in  p  : : 

4.  RPX  X  PT> :  R^1  xpt*  or  Sg1  x  />/' : :  **  equo,  force 
round  S,  in  P  :  force  round  R,  in  P  ;  :  RP2  xPT5 : 

SG?XPT?  :  :  SP  X  RP*  :  SG<. 
SP 

[Cor.  3,  in  the  fame  periodic  time]  for  then  the 

infinitely  fmali  and  equal  areas  will  be  defcribed  in 

equal  times   in  P,  and   both   thefe  areas   and  the 

forces  will  be  the  fame,  as  in  a  circle  of  the  fame 

curvature  with  the  orbit  at  P,  ,and  therefore  the 

forces  are  the  fame  as  in  the  foregoing  Corol. 

5.  [Pr.  8.  Sch.]  let  ApD  be  an  ellipfis,  AP  a  cir- 
cle. Then  rn;Rn:  :  (pm  :  ?m  :  :)  qn  :  Q».  And 
by  divifion,  qr :  QR  :  :  {qn  :Qn::)  CD  :  CA.  The 

force  in  the  ellipfis    ex:  - — ~—   reciprocally   ~t 
(becaufe  qr  =   QRxCD^-j<jCA^  = 

(becaufe  ^  tp  _)  ._-£  zz  (becaufe 

CD>       J  CD* 

fore  (becaufe  CA,  Sp  and  CD  are  given)  the  force 
in  the  ellipfis  is  OC  pm1  reciprocally.  But  in  the 
hyperbola  and  parabola  (where  CA  is  negative  or  in- 
finite) thefe  lines  are  (till  given,  and  therefore  the 
force  in  any  conic  feet  ion  is  reciprocally  as  mpK 

OTa 
[Pr.  9.  will  be  changed — ]  that  is  _^ —   is   every 

■where  the  fame  ratio,  viz.   ex   SP. 

fib.  fecond  way.]  for  PV  is  (by  reafon  of  the  gi- 
ven angle  at  P)  as  the  radius  of  curvature,  that  is 
(bv  reafon  of  the  fimilarity  of  the  parts  of  the  fi- 
gure PQ)  as  SP. 

[Pr.  10.  fecond  way.     Add  the  rectangle  nFv.] 

for  Qv*  +  n¥v  =  Qvx  +  TP  +  Tv  xTF^Tv 

zzQv 
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=  Qv*  +  TPa  —  TV  b  QT*  +  TP*  =  fquare  of  Fig. 
the  chord  QP  ;  and  Pv  X  nV  +  »Pv  =  VPv.  £. 

And  if  the  line  QV  be  drawn,  and  a  circle  thro' 
the  points  PQV;  the  triangles  FQv,  and  PQV 
will  be  fimilar  (the  <:QVP  being  =  QPR  = 
PQv\  and  therefore  Pv :  PQj  PVf . 

|_Pr.  10.  Sch.  in  the  ratio  of  the  diftances  from 
the  center]  for  the  fluxion  of  the  ordinates  is  aug- 
mented or  diminifhed  in  the  fame  ratio,  and  that  is 
as  the  force. 

SECT.     III. 

[Pr.  13,  cor.  2.]  For,  in  the  demonftrations  of 
Prop.  11,  12,  and  13,  QTZ  is  always  equal  to 
QR  x  latus  rectum . 

[Pr.  j 6,  cor.]  The  four  firft  corollaries  are  ge- 
neral, and  agree  to  all  conic  factions  ;  the  fixth  co- 
rollary belongs  to  one  and  the  fame  parabola. 

[ib.  cor.  6,  it  icc  more  variable]  that  is,  in  the 
ellipfis,  the  ratio  of  the  velocity  at  a  lefs  and  greater 
diftance,  is  greater  than  the  ratio  of  the  fquare 
roots  of  the  greater  and  leffer  diftance  ;  in  the  hy- 
perbola 'tis  greater ;  for  the  ratio  of  the  greater 
and  lerTer  perpendiculars  (which  is  the  fame  with 
this  ratio  of  the  velocities)  is  greater  than  the  ratio 
of  the  fquare  roots  of  the  greater  and  leffer  diftances 
in  the  ellipfis,  and  leffer  than  it  in  the  hyperbola-. 
For  in  the  elliplis  the  perpendiculars  in  the  greateft: 
and  leaft  diftances  are  the  fame  with  thefe  diftances  ; 
and  in  the  hyperbola,  the  greateft  perpendicular 
poftible  is  that  from  the  focus  on  the  aftymptote, 
and  the  leaft,  the  diftance  to  the  vertex.     Alfo  (by 

ySP 
(fig.   3.) 

See  Clark,  (alfo  cor.  7.) 

TPr.  17.  yet  greater  velocity]  then  PH(and  PK) 
will  be  negative. 

[ib. 
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Fig.      [ib.  cor.  2.]     The  velocity  h:  a  circle  is  z=  ve- 
5;  locity  acquired  by  falling  thro'  \DS,  by  the  given 
centripetal  force. 

SECT.      IV. 

[Pr.  18,  io,  20.]  two  given  points  or  right  lines. 

[Pr.  20,  cafe  4.  But  becaufe  of  the  fimilar  tri- 
angles VSH,  vsb,]  For  (by  fimilar  a's  SVP,  shq) 
SV  :  SP  :  :  sb  :jq  :  :  (by  fim.  A's,  svb,  spq)  sv  :  sp. 
And  (by  the  fimilar  A's  SHP,  shp)  SP  :  SH  :  :  sp  : 
sb  ;  ergo  SV  :  SH  :  :  svA  sb  -,  and  the  angle  VSH 
p  psq  zzysb. 

[Pr.  2t.  three  given  points  or  right  lines."]  If 
three  tangents  be  given,  you  have  $  points  Y,  from 
which  3  equal  right  lines  as  YH  are  to  be  drawn  to 
H,  by  cafe  3d  of  the  laft  Lemma.  If  2  tangents 
and  a  point  P,  there  wifl  be  given  two  points  Y, 
from  which  two  equal  lines  are  to  be  drawn  to  the 
focus  H,  and  a  third  point  P,  irom  which  PH  is 
to  be  drawn  •,  by  cafe  2d  Lem,  In  the  hyperbola, 
it  is  PH  —  YH  =:  SP.  If  three  points  P  be  gi- 
ven, it  is  done  by  cafe  1  Lem, 

SECT.     V. 

[Lem.  1 7.  in  given  angles]  each  to  each  reflec- 
tively is  the  fame  invariable  angle,  tho'  they  are  not 
all  equal. 

[Lem.  1 3.  and  fo  (by  fuppofttion)— ]  for  p  and 
b  are  in  the  curve,  and  the  rectangles  of  the  lines 
from  p  and  P  are  in  the  given  ratio. 

[ib.  Sch.  if  p  happens  to  be  in  a  right  line"! 
For  if  rpq  :  spt  :  :  RPQj  SPT.  And  P  be  placed 
in  pB  ;  then  by  fimilar  triangles  pq  :  PQ  :  :  (pB 
&  PB  :  :)  pt :  ?T.  And  rp  :  RP  : ;  (C/> :  CP  :  :)  ps 
PS.  And  by  multiplying  you  have  rpq:  RPQj 
spt  :  SPT  -,  which  agrees  with  the  Lemma.     But 

P  is  placed  out  of  ^B,  as  at  n  -,  then  becaufe  the 

ratio 
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ratio  is  great-  r  than     •     r-   it  is  alfo  greater    ip 

than  I±X,  which  is  againft  the  hypothefis. 
spt 

If  f  is  placed  in  DC,  then  rpq  will  be  z:o, 
and  therefore  RPQ  —  o ;  and  P  will  alfo  be  placed 
in  DC 

[ib,  If  the  two  oppofite  angles]  The  A's  PCR, 
PBT  are  fimilar,  for  the  angles  at  S  and  T  are 
right,  and  C  zz  B,  being  on  the  fame  arch  PD. 
Therefore  PR  :  PC  :  :  PT  :  PB.  And  the  triangles 
PBQ,  and  SCP  are  fimilar,  for  the  angles  at  S,Q  y9 
are  right,  and  SCP  zz  PBA.  Therefore  PC  :  PS  : : 
PB  :  PQ  ;  and,  ex  equo,  PR  x  PQj=  PS  X  PT  : 
and,  e  contra,  if  PR  x  PQ^zz  PS  x  PT  \  the  locus 
of  the  point  P  is  a  circle. 

And  if  thefe  lines  are  ^ot  perpendicular,  yet 
fince  their  lengths  will  be  reciprocally  as  the  fines 
of  the  angles,  it  will  follow  that  PQ^x  PR  :  PS  x 
T  :  :  fine  of  S  x  S  of  T  :  fine  of  Q^x  fine  of  R, 
and  the  contrary. 

[ib.  and  one  or  two]  If  the  point  B  be  fuppofed  g# 
to  move  towards  A  and  at  lad  to  coincide  with  it, 
fo  that  AB  become  a  tangent  at  B,  the  Lemma 
will  ftill  hold.  And  if  B  pafs  beyond  A,  then  the 
figure  will  be  converted  into  this  BECDEAB  ;  the 
Lemma  will  ftill  hold  as  before.  And  if  B  move  to 
an  infinite  diftance,  then  DB,  AB  will  be  parallels  ; 
and  C  alfo,  then  DC,  AC  will  alfo  be  parallel-,  and 
alfo  the  conic  fedion  paffing  thro'  A  and  D,  will 
pafs  on  infinitely  towards  C  and  B. 

[Lem.  19.]  This  may  be  refolved  as  Prob.  12,  in 
the  Univerfal  Arithmetic. 

[Lem,  20.]  Here  is  another  figure  relating  to  this 
Lemma  vng.o.)  9, 

[Lem.  21.  Therefore  'by  Lem.  20)  the  point  D] 
for  the  angles  CPR,  BPT,  CPB  are  given,  and 
therefore  the  lines  PT,  PR  (to   which  the  fides 

AQ, 
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Fig.  AQ,  AS  of  the  parallelogram  are  parallel)  are  gU 

ven  by  polition  (fee  fig.  above). 
Ia      Here  is  another  figure  of  Lem.   21.   (fig.   10) 
'  This  Lemma  is  the  fame  with  Prob.  53,    of  the 
Univerfal  Arithmetic. 
II.      [Prop.  22-1  This  is  the  fame  with  Prob.  $5,  m 
the  author's  Univerfal  Arithmetic. 

[Pr,  23.  cafe  1.]  This  is  the  fame  with  Prob.  56, 
of  the  Univerfal  Arithmetic,  or  Prob.  $j. 

[Pr.  23.  cafe  2.  HA*  will  become  to  A  I1]  for  let 
n  be  a  point  in  the  conic  fection  infinitely  near  a, 
thro'  both  which  the  line  ih  pafTes  \  then  ib  is  a 
tangent  at  a.     Then  (Cor.  4.  Pr.  44,  B.  I.  my 

Conies)  it  will  be,  bgd:  bhd :  :  pgc  :  xhy  -  hbd*P&c \ 

bgd 

and  hna  or  ha"'  :  ian  or  iaz  :  :  xftj  or J<^    :pic 

bgd 

:  :  bhd  x  pgc  :  pic  X  bgd.  - 

[Pr.  24.  —  will  (by  the  properties  of  the  Conic 
Sections)]  becaufe  any  tangent  may  be  fuppofed  to 
cut1  the  curve  in  two  points  infinitely  near  each  o- 
other,  therefore  ^by  Cor.  4.  Pr.  44.  B.  I.  Ellipfis) 
thefe  proportions  follow.  Alfo  draw  kw  \\  to  ga>  to 
interfect  pg,  and  let  nkz  —  tkw.  Then  tkw  or 
nkz  :  haz  : :  dkb  :  bhd  :  :  krz  :  brz.  And  nk  :  ha  :  : 
kr  :  br.  And  0,  r,  ^,  fall  in  one  right  line.  A- 
gain,  knz  :gaz :  :  kpz  :  gpz.  And  kn  :  gn  :  :  kp  :  gp. 
Whence  ;?,  />,  a  fall  in  one  right  line.  And  there- 
fore the  points  ff,  r,  a  are  in  one  right  line. 
13.  [Lem.  22.  Thus  any  right  lines  converging] 
Let  the  lines  be  kg9  kh.  Draw  OB,  CfD,  and 
pe  ||  to  nB.  Let  m,  q  be  the  projected  points  of 
}  and  h.  Then  (becaufe  in  the  point  B,OB  zz  OD,) 
mn  (or  Bn  —  Bm)  rz  fr.  Alfp  #>  (or  ^  —  eq)  : 
^  (or  D^  —  Db)  :  :  O*  :  *D  :  :  AB  :  AD  :  :  fr  or 
»/.»  :  bg.  Therefore  qp  zz  mr?,  therefore  pn,  qm 
(which  are  the  projected  lines  of  gr,  bf,)  are  parallel, 

[ib. 
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[ib.  we  fhall  have  the  folution  required]  For  the  Fig. 
figure  bgi  fuppofed  now  to  be  given,  may  be  tranf-  13. 
formed  into  the  firft  figure  HGI,  by  making  as  Od 
to  dgi  To  is  OD  to  DG  parallel  to  the  radius  AO. 

[ib.  For  as  often  as  two  conic  lections]  For  thefe 
conic  fed  ions  being  transformed  into  fimpler  ones, 
give  the  point  of  inteifection  •,  and  thereby  is  had 
an  ordinate  drawn  from  that  point  of  interferon 
in  the  transformed  curves,  correfponding  to  the  in- 
terferon of  the  given  curves. 

[Pr.  25.]  Let  KG,   KH  be  two  tangents  meet-  14. 
ing  in  K,  yx  the  third  tangent  meeting  ba  in  y.  Let 
the  lines  KH,  KG  be  projected   in  ki  lb  ;  and  yb* 
yx  into  kl>  ib ;  then  you  have  the  parallelogram 
bikl  •,  then  proceed  according  to  the  propofition. 

[ib.  For  by  the  p-operties  of  the  conic  feclions] 
by  cor.  4.  Pr.  44.  Conies  I. 

[ib.  But  according  as  the  points]  This  is  plain,  f  5.' 
from  the  nature  of  the  ellipfis  and  hyperbola-,  and  16. 
the  figure  cannot  be  a  parabola,  by  reafon  of  two 
parallel  tangents  ib  and  kl. 

[Lem.  23.]  The  Lem.  is  univerfal,  as  will  ap-  17. 
pear  by  applying  the  demonflration  to  this  fig.  17. 

[Lem.  24,  from  the  nature  of  the  conic  fections]  • 
by  Pr.  46.  B.  I.  of  my  Conic  Sections. 

[ib.  cor.  i.]    This  holds  as  well  when  the  tan-  *$• 
gent  FG  is  on  the  other  fide. 

[Lem.  25.  alio  KH  is  to  HL]  by  cor.  r.  Lem. 
24,  for  the  tangents  FH,  LH  cut  the  parallel  tan- 
gents ML,  IK  in  F  and  K. 

[Lem.  25.  cor.  2.]  This  holds  as  well  when  qe.*9* 
is  on  the  other  fide  of  the  figure  ♦,  for,  in  all  cafes 
( by  cor  1 . )  KQjx  M £  is  given  wherever  the  points 
Q,  E  fall,  as  fuppofe  in  j,  e:  for  (by  cor.  1.  Lem. 
24.)  Bq  :  AM  or  BK  : :  el :  *M.  And  by  divifion 
Kq  :  BK  :  :  MI  :  *M,  And  Kg  X  *M  z  BK  X 
Ml  ~  (by  the  prop.)  KQ  x  ME  \  and  KG:  Me  :  : 
(K2  :  ML  :  :)  Qj  :  L*. 

[ib. 
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Fig.      [ib.  cor.  3.]    for  fince  eM  :  ME  :  :  QK  :  Kq. 
i$.  Therefore  (by  Lemma  23.)  if  the  right  lines  eQ, 
MK,  and  Eq  be  drawn,  the  points   of  bifectioa 
will  be  placed  in  a  right  line  given  in  pofition. 

[Pr.  27.  Sch.  defefibe  the  circle  BKGC]  for  the 
angle  BKC  (which  is  equal  to  the  fum  of  the 
given  angles  PBK  and  KCP)  is  always  given. 

[ib.  and  when  thofe  other  legs  CK3  BKJ  For 
it'muft  be  obferved,  that  when  the  lines  BP,  CP, 
touch  the  curve  at  an  infinite  diftance,  that  thefe 
lines  are  parallel  to  one  another,  and  to  the  affymp- 
tote.  Then  to  know  the  pofition  of  the  afTymp- 
tote  •,  as  the  lines  B£,  Ck  revolve  round  the  circle, 
r  the  intersection  k  will  fometime  fall  into  the  line 
MN,  as  at  the  point  N,  then  BN  is  parallel  to  one 
aiTymptote.  For  the  interfection  muft  necefTarily 
fall  in  the  line  MN.  And  for  the  fame  reafon  the 
line  BM  will  be  parallel  to  the  other  afTymptote. 
And  therefore  if  the  angle  between  them  be  bill- 
ed by  the  line  OH  (which  is  done  by  the  perp. 
OH ),  then  that  line  is  the  greater  axis,  or  parallel 
to  it. 

[ib.  Sch.  But  the  fquares  of  the  axes]  For  the 
angle  NBM  —  angle  between  the  afiymptotes  *s£ 
NLM,  and  NLH  ~  half  the  angle  of  the  afiymp- 
totes. Therefore  LH  is  to  HN,  as  the  tranfverfe 
to  the  conjugate.  And  the  fquares  of  thefe  axes, 
are  as  LH*  to  HN%  or  as  HNZ  to  HK2,  that  is, 
as  LH  to  HK. 
20.  [ib.  There  are  alfo  other  Lemma's]  For  if  the 
fections  are  fimilar,  and  in  fimilar  pofition,  and 
concentric  ;  the  tangent  acb  in  c,  is  parallel  to  the 
tangent  dxe  in  #,  and  therefore  ab  the  ordinate  is 
bifecled  in  c  the  point  of  contact. 

[Lem.  26.  cor.]  This  is  the  fame  with  Prob.  32, 
of  the  Univerfal  Arithmetic. 

[Lem.  27.  cor.  in  the  conflruction]  for  then 
1H  :  HF  :  :  (IX  :  XY :  :j  ib  :  bf.  And  1H  :  HG  :  t 

(iL  ; 
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(/L  :  LM  : :)  ih  :  hg.  Or,  if  it  be  made  as  iL  :  :Fio-« 
LM  :  :  IH  :  HG,  it  will  be  ih  :  hf :  :  IH  :  HF ;  2o. 
therefore  on  the  contrary,  if  it  be  ih  :  hf :  :  (7E  : 
EV  :  :  iX  :  XY : :)  IH  :  HF.  It  will  be  iL  :  LM  :  : 
IH  :  HG,  which  comes  to  the  former  conftruction. 
For  the  folution  of  Prop.  22,  23,24,  25,  26,  27; 
fee  Prop-  70,  71,  72,  73,  74,  75,  B.  III.  my 
Conic  Sections. 

[Pr.  29.  Sch.]  Make  alfo  KA  to  AS,  and  LT  to  2  x 
AT,  as  HG  to  GF,  and  draw  MS,  NA.  Then 
the  figures  SAKM  and  ATLN  are  fimilar  to 
FGHI,  and  fince  three  of  the  angles  S,  A,  K  or 
A,  T,  L  are  in  the  proper  lines  CB,  ED,  DB  ;  if 
the  fourth  angle  M  or  N,  was  in  the  fourth  line 
EC,  the  problem  would  be  rightly  conftru&ed. 
Therefore  it  is  plain,  its  place  can  be  no  where, 
but  where  the  line  MN  interfecls  EC  as  at  /,  which 
is  the  place  of  the  angle  I. 

Now  we  are  to  prove  that  PQ  cuts  BA  in  / 
where  F  is  to  be  placed.  The  triangle  FGI  is  fi- 
milar to  PEi  (by  conftru&ion),  and  fuppofe  them 
fimilar  to  fgi\  then  the  triangles  Vfi  and  Eg*  are 
alfo  fimilar ;  for  the  angles  at  i  are  equal,  and  the 
fides,  about  thefe  angles  proportional;  therefore 
the  angle  Egz  —  Pfi,  and  fi nee  goi  zz  Qof>  oQf 
or  PQE  will  be  zz  fig.  So  that  to  have  fig  fimilar 
to  FIG,  PQF  muft  interfect  Eg  in  Q,  to  make  the 
<  PQE  zz  FIG,  and  the  reft  follows  of  courfe. 

SECT.      VI. 

[Pr.  30,  Cor.  1."]  For  the  times  are  as  the  areas, 
that  is,  as  4-GH  x  AS  to  -J-  ><  AS  x  2  AS. 

fib.  Cor.  2. J  For  wherever  the  point  P  falls,  viz. 
infinitely  near  A,  ftill -J-GH  X  AS  (zz  area  APS) 
zz  -iAP  X  AS.  And  8GH  zz  3AP.  Therefore 
GH  or  the  velocity  of  H  :  AP  or  the  velocity  of  P 
:  :  3 :  g.     But  the  velocity  of  H  is  every  where 

B  the 
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Fig.  the  fame,    for  always  -JGH  x  AS  —  area   ASP, 
And  bH  OC  ASP  OC  time  of  deferring  AP. 

[ib.  Cor.  3.  j  For  AP  is  the  chord  of  a  circle  paf- 
fing  thro'  A,  S,  P  ;  and  whofe  center  is  H. 

[Pr.  31.  as  GK  the  difference  I  For  when  F 
comes  to  touch  the  line  GH,  the  point  A  will  be 
diitant  towards  G,  from  the  line  FQO  (which  will 
then  be  -J-  to  GH)  by  the  fine  of  AOPv  or  AOQ: 
and  is  then  at  L  -,  therefore  GK  zz  arc  GF  —  fine 
of  the  arc  AQ.  And  GK  is  as  the  time,  and  to  it 
was  in  the  conftruction  ;  therefore  the  point  P  is 
rightly  found. 
2  2 .  [ib.  Sch.  but  fince  ]  This  is  demonftrated  in  KeiPs 
2  2  Afrron.  lectures,  pa.  2S9,  297  ;  or  thus.  Let  AON 
zzN.  Since  (AB  :  SH  : :)  OQ  :  OS  :  :  57.29578  :  B. 
Therefore  B  zz  OS  in  degrees  of  the  circle  AQ. 
And  mice  (rad  :  fine  of  AOQj  :)  SO :  SF  :  :  B  :  D. 
Then  will  SF  zz  D  in  degrees.  Let  q  be  the  true 
place  of  the  body  5  Q_  the  affumed  place.  Now 
fined  the  time  is  as  the-  area  SAO  zz  O AQ  +  SOO 

zz  QA  4-  SF  x  -r—  ;    therefore   the    time    is    as 
2 

AQjf  SF.     And  therefore  nearly  as  AQ  +D,  but 

accurately  as  Aq  +  SE.     Take  Nfl  zz  D.      Now 

OF :  OQ^ :  :  (LE  or  SE  —  SF  or)  Nq  ±  N$  or  q? 

or  Q,p  —  ?Q  :  Q?.     And  Qo  :  Qq  : :  QF  :  OQ,  by 

compofition,  and  becaufe  QF  zz  OQ^+  OE.    But 

by  dbr.ftru&ion  OQ  zz  OS*L.     And  rad.  (R)  : 

coi".  of  AOQj  :  SO  :  OF  or  OE,  therefore  OE  zz 
SOj<_a^O^    Wherefore  Qj  .  Q^  .  .  (QE  _  j 

OS  x_L  +  SO  xcof.  AQ  .  O^X  L  .  .  t    +      r 

R         ~  R  R  ! 

AQ  :  L.  But  N  —  AOQ^-f-  D  zz  (AN  —  AQ 
+  No  zz)  Qo.  Therefore  Qq  zz  E,  and  AQq  zz 
ACQ^-f*  QOq  =  AOQ^-f-  E,  nearly,  and  there- 

fore 
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fore  E  is  rightly  found.  And  repeating  the  fame  Fig* 
work  with  theie  new  angles,  there  will  be  found  22. 
the  angles  F,  G,  H,  I.  23. 

[ib.  the  area  AIKP  will  be  given]  by  Prop.  87. 
cor.  2.  and  Schol.  my  Conic  Sections,  B.  II.  Alfo 
AIKP  =  OP  A,  by  cor.  1.  Prop.  86.  ib. 

Alfo  area  defcribed  -  ASQ^zz  ASP    +  PSQ^ 

zz  ASP  +  PQ^  X   iSN   (^nearly}  zz  A   (by  fup- 

pofition)  therefore  A  —  ASP    =  ^SN   X   PQ/, 

,  ^^        2A  —  2ASP  . 

and  PQ  zz ,  nearly. 

^  SN  . 

[ib.  and  by  fuch  computations.  — But  the  parti-  24* 
cular  calculus]  with  the  radius  1  and  center  H  de- 
fcribe  the  circle  RSE  ;  and  draw  SP,  Sp,  HPT, 
Hpf.  Let  fall  the  perpendiculars  p/,  pu,  upon  the 
lines  HP,  SP  ;  which  v/ill  be  equal,  becaufe  the 
angles  p?t  (HPB),  and  pPn,  are  equal. 

Let  the  arch  RT  =:  z.  Sine  TQ^  zz  ^  ebfi 
HQ  zz*,  SP  zzy,  HPzz?;,  AOorOB  zz  a,  SO 
or  OH  zz  #,  OD  zz  c.  T  zz  mean  anomaly,  /  zz 
latus  rectum. 

By  fimilar  fedors,  HT  (0  :  PIP  (v)  : :  T/  (z)  I 

pt  or  pn  zz  vk.     And  the  area  SP*PU  =  VJ1  zz 

2  2 

fluxion  of  BPS.     But  (cor.  2.  Prop.   23,  ellipfis) 

vy  zz  cc  +  —  X  PM%  and  (cor.  3.  Prop*  72,  ib.) 


cc 


HP  or  v  zz  — ££_,  and  rad  (1)  *  PH  ( — —  ) 
a  +  nx  ya  +  nx  / 

:  :  S  :  PM  zz  _£ff_ ,  therefore  ^  zz  cc  +  *ggg 

and  area  SP;>  zz  |r«S  + i^ifffS —  zz  iccz  + 

aa  -f-  ianx  &c. 

— .     But  sz  zz  — #,  and  xz  zz  , 

2^^  0*  ! 

B  2  and 
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tl&  and  £=:{/;  therefore  the  area  SPp  zz  ^al%  — 
24.  # 

5*tf£-i*SJ,  and  the  fluent  BSP  =  ±  -  njL 

&  zaa  4  4a 

X  area  EHQT  —  n—  •,    and  corre&ed,    BSP  zz 

6ad 

a±+™!x  area  R TQ-^Ifl.    But  RTQ  =  iz 

4         40  6<2# 

i-  ixs.     Whence  BSP  =  »«&  +  —  X  !^~|^ 

#*&*         20*  +  nrij         nnls  w  tf#    ,    nss     A    , 
/2  — ■ . x  —  + Ana 


6##  8#  <?#         8 


,.  .j.  8««j  ,   ax   ,    nss    __  ^ 

dividing,    z  —  — _ x    —  +  -T-   —  T3 

2<??  4-  ann         8         6 

the  mean  anomaly.     Whence  z  zz  T  H- 


4^^  +  2»» 


4»J 


XS.2T  +  XL- —  x  S.T\  becaufe  T  is  near- 

6a*  -j-  3^»^ 

ly  z=  2,  and  2W  zz  S.2T.     But  fince  n  is  very  fmall 

by  fuppofition,  2  =  T+~x  S.2T  4-  —  X 

4**  3«J 

S.T\     Where  the  quantities  JUL   X  S.2T,    and 

- —  X  S.T»   are  fmall  arches  to  be  added  to  T. 
3<*3  

Now  D  zz  c  —  £L  zz  -L  x  ^  —  f;  and   D    x 
a         a 

AO  +  OD  zz_Lxaa~cc=—   =   ?;«   nearly, 

becaufe  c  zz  ^  very.  near.     Therefore  j. Y  :  rad  ( 1 ) 
:  :  nn  :  qaa,    and  j.Y  or  Y  ^in  fmall  arches)   zz 

11  j    alfo  V  :  Y  :  :  S  T  :  rad  (0,  and  V  zz  Y  x 

S.2T 


P/tncufia 


JPl.JT.pa  .20. 
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S.2T  =  —  X  S.2T,  which  is  our  firft  term,  orFig- 
\aa  ^  24. 

his  firft  equation. 

Again,  S.Z :  rad  (1)  :  :  4^D  or  l?f   x  «  —  ^: 

3AOa  or  3^,  and  S.Z  =  l^f  x^  —  c.     But^+ir 

3a" 

X~a  —  c  —  aa  —  c c  zz  nn,    and  a  —  c  zz. 2_ 

a  +  c 

±  ™  nearly,  therefore  S.Z  z=  15  x  n—  =  H!f 
2#  3^5        2tf  30+ 

zz  H3,  nearly.     Alfo  X  :  Z  :  :  STP:  rad  (1).  And 
3^3 

X  =  Zx  S?f J  =  —  X  S?f 5,  which  is  the  fecond 

3ai 
term,  or  his  fecond  equation.     And  when  T  is  a- 

bove  90°,  then  S.2T,  and  V  will  be  negative,  and 
<CBHP  —  T -f-X+V. 

He  calls,  Y  or  -^-  the  greateft  firft  equation, 
4.aa 

becaufe  it  is  greateft  when  S.2T  s  1,  and  TZZ450. 

And  Z  or  JL  the  greateft  fecond  equation,  becaufe 

3^  

the   greateft   it  can   be    is   when   S.T*  z  1,    or 
T  zz  900. 

SECT.     VII. 

[Pr.  33,  to  AB  the  principal  femi-diameter]  this 
mould  be  -1AB. 

[ib.  cor.  2.J  for  the  two  firft  terms  of  the  prop, 
are  in  a  ratio  of  equality,  and  fo  the  two  laft. 

[Pr.  34.  For  fby  cor.  7.  prop.  16.)]  and  cor.  6. 
prop.  4. 

[Pr.  35.  The  fame  things  fuppofed]  to  wit,  that 
the  fpace  CS  is  as  the  area  SDK  of  the  circle,  rec- 
tangled  hyperbola,  or  parabola. 

B  3  [Pr. 
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£V,      [Prop.  37,  as  appears  by  prop.  34.]  and  cor.  7. 
25.  pr.  16. 

[Pr.  38,  acquire  the  velocity  CD.]  by  prop.  10, 
cor.  2.  The  periodical  times  of  the  ellipfis  AD 
and  AP  are  equal.  The  time  of  defcribing  AP  is 
(as  APS,  that  is,  as  ADS  or)  as  AD.  Let  the  el- 
lipfis AP  coincide  with  AC,  and  the  time  of  de- 
scribing AC  will  flill  be  as  AD.  Further,  draw 
cd  l|  to  CD  ;  becaufe  the  time  of  defcribing  the 
' whole  ellipfes  AD^Z,  APp  are  equal ;  therefore  in 
equal  times  they  defcribe  areas  which  are  as  the 
whole  ellipfes,  that  is,  as  CD  to  CP,  or  ADS  to 
APS.  Wherefore  in  the  time  D  defcribe  AD  or 
J)dy  P  defcribes  AP  or  P/>,  and  (when  P  coincides 
with  CJ,  C  defcribes  AC  or  Cc  ;  therefore  the  velo- 
city of  D  :  to  velocity  of  C  :  :  is  as  Dd :  Ce  :  :  or  as 
SD  to  CD  •,  but  SD  and  the  velocity  of  D  is  given  y 
therefore  the  velocity  of  C  is  as  CD. 

[Pr   39.  cor.  2,  3.]  In  thefe  cor.  the  line  PD  is 
the  fpace  the  body  would  afcend  to,  or  fall  from, 
;  ^to  acquire  the  velocity  it  is  projected  with)  by  a. 
uniform  centripetal  force,  according  to  cor.  1 . 

SECT.    VIII. 

[Pr.  40.  cor.  1."]     This  is  evident,' by  fuppofing 

ITK  convex  towards  C. 

26,       [ib.  cor.  2.]  for  by  fluxions,  let  AC  z=P.  CD  zz 

A  —  x.     Then  DG  OC  *K—I  (by  hyp.  and  pr.  39.) 

and  DEFG  zz  fluxion  of  the  area  OC  xK~lx.    And 

the  area  DC£G  OC  — .  And  when  x  becomes  ri), 
n 

the  area  ACi>B  OC  £L.      Therefore   ADGB  OC 


Xfi 


And  therefore  by  prop.  39,  the  velocity 

in 
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in  D,  at  the  diftance  A  or  x,  is   CC      /  ^      x\  or   f 

V         n  20. 

(becaufe  » is  given,  and  #z=A)  as  ^/P^L.  a». 

N.  B.  If  the  force  is  reciprocally  as  the  diftance, 
the  curve  EGb  will  be  a  rectangled  hyperbola,  to 

the  arTymptot.es  AC,  Cb  -,  for  DG  DC  —  zz(fup- 

pofe  to)  -^L     And  DG  x  CD  ==  bf,  which  is  the 

known  property  of  the  hyperbola.  And  the  velo- 
city at  C  will  be  infinite,  for  the  area  ABiOis  in- 
finite. And  the  velocity  at  any  place  D  is  as  the 
hyperbolic  area  ABGD,  which  may  be  found  by 
Stone's  Fluxions,  p.  54  5  or  by  Cor.  2.  Prop.  87. 
B.  II.   my  Conic  Sections. 

[Pr.  41.  —  in  the  Trajectories  found.]  One  be- 
ing given  to  find  the  other. 

[lb.  given  the  circle  VR]  that  is,  CV  is  known. 

[ib.  in  the  lead  given  time,]  thefe  fmall  parts  of 
time  are  taken  conftant  and  invariable. 

fib.  and  the  triangle  TCK]  that  is,  the  triangle 
will  be  invariable. 

fib.  and  fuppofe  the  magnitude  of  Q,]  This 
quantity  is  any  conftant  quantity,  but  unknown. 
Suppofe  in  fome  cafe  y/ABFD  z=  b  x  IK,  and  Z 
zz  b  X  KN.  And  in  all  cafes  (by  pr.  40.)  v/ABFD 

—  bxlK  •,  and  in  all  cafes  Zor-i   —  b  X  KN, 

A 

that  is  in  all  cafes  Q  —  i>  X  A  x  KN  ;  which  is 
plain,  becaufe  Q^and  A  x  KN  a;v  conftant  quan- 
tities, therefore  if  it  be  once  V'ABFD  :  Z  :  :  KI  : 

KN,  or  b  X  IK  :  b  X  KN  :  :  KI  :KN;  it  wiil  always 
be  fo. 

Jn.  this  prop,  the  line  CE  is  indetermined  ;  and 
if  Q  were  known,  the  areas  of  the  curves  abz,  and 
acx  might  be  known  to  any  diftance  C&. 

B,  4  [ib.  ' 


£4  A    COMMENT    on 

pig.      [ib.  cor.  3.]     In  fig.  4.  Newt.    Let  CA  zz  a 
C  V  zz  r,  CD  —  x9  DF  zz  jy,  \/aa  —  rr  ~n. 
Then  the  force  DF  being  as  -i_5    the  fluxion  of 

the  area  ABFD  is ,    and  the  fluent  as  —  , 

X1  2X7, 

.  /7/2   —    #V 

and  corrected,  the  fluent  is  zz zz  area 

zaaxx 


ABFD.  Therefore  the  velocity  at  D  is  as  ^aa    x*. 

ax 

Then," 

1    Suppofe  a  infinite,  and  x  zz  r,  then  the  area 

V/ABFD  becomes  ^ff  =   J-.     And  face  at  V, 

ar  r 

the  orbit  IV  is  perp,  to  CV,  therefore  IK  zz  KN, 

and  v/ABFD  =  Z  -  2,  that  is,  1  -^,  and 


Q  =  1,  and  Z  =  —  alfo  v/ABFD  =  5l?£=^ 

zz  —  zz  —  at  any  place  I,  and  fince  v/ABFD 

ax        x 

f-L)  :  Z  f_L)  :  :  IK  :  KN  ;    therefore  TKzzK^T, 
^  x  '  v  x  J 

and  IN  zz:  0 ;  therefore  in  this  cafe  the  orbit  is  a 
circle,  as  VXR. 

2.  If  a  be  lefs  than  infinite,  and  fince  at  V,  the 
orbit  is  perp.  to  CV  as  before,  therefore  IKzzKN, 

and  v/ABFD  zz  -^,  that  is,  s/™~rr  __  Q     or 
r  ar  r 

!L  zz  Q,  and  Q  zz  -.     Whence  Z  zz  -5.  There- 
ar        t  a  ax 

fore  D£  =  ^  x-^^ _  1  /JES    = 

aaxx  aaxx 
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nx 

Anrl  TV —           vDA  — 

Fig. 

2^/rr- 

-xx                         nx                2xs/rr- 

—xx' 

26. 

71YY  X 

and  flux  of  the  area  NacX)  —  — ^ :  — 

fluxi- 

ix\/rr — xx 

nrrx 


on  of  the  fector  VCX,  and  the  Fl.  : 

2*v rr  —  xx 
zz  Sector  VCX,  which  is  as  the  angle  VCX. 
But,  putting  femiconjugate  zz  c,  CH  zz  Z,  the 

YCZ 

hyperbolic  feclor  VCR  zz  Fl.  :  — ,andCT 

2v  zz — rr 

zz  fl  zz  x,  and  z  zz  ~.     Then  inftead  of  2  and 
2;  # 

z,  putting  their  values  -,    we  {hall  have  the  hyp. 

~—~rrcx  /• 

fedor  VCR  zz  Fl.  : - zz  1  x  cir.  feftor 

2Xs/rr —  xx        K 

VCX  Therefore  when  x  zz  CT,  the  hyp.  fe&or 
VCR  :  cir.  fe&or  CVX  :  :  c  :  n  -3  that  is,  becaufe 
the  angle  VCX  is  as  the  fe&or  CVX,  the  angle 
VCX  is  to  the  hyper.  fe&or  VCR  in  a  given  ratio. 
And  fince  CT  or  x  continually  decreafes,  as  the 
fector  VCR  increafes,  the  body  P  draws  continu- 
ally nearer  the  center  C. 

3.  If  the  velocity  be  greater  than  falling  from 
an    infinite    height ;     the   flux    area    ABFD    zz 

_-,  and  the  fluent .      But  at  firfl  the  area 

X5  2XX 

(fuppofe)  zz  — ,  and  x  zz  a  an  infinite  line ;  there- 
2 

fore  ABFD  —  ^~JL~JL,    and  ABFD  zz 
2        laa        2xx 

»    +  ^=ff_       Therefore  v/ABFD  is  as 
2  2  aaxx 

/^^±^=f?=fbyfubftitution)    Ail-Zfl. 
v  aaxx  v      aaxx 

But 
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Fj-  But  in  V,  *  =  r,  and  v/ABFD  =    /  "?—**,  - 

^-,  and  Qj=  v/^— "»,  and  Z  =3  =  ^EEff. 

^                                 x               CIX 
*J 'srr—aa  I STV (Id 


27, 


i  hen  Y)b  zz 


!  sxx — aa          srr 
\al  _ 

^  £LllXX  n. 


=J- 


x  Ax 

x  zz  (by  fubftitution) 7 ,  and 

2Vtf* — rr  2s/xx — rr 

~Dc  zz  —  x  D£   -§:    - — ~ ;    therefore 

XX  2  X^/  xx ?T 

— —  flux,  area  VacD,  or  of  VCX.  And 

2Xvxx — rr 

Arrx 

the  Fl.  : — — —  zz  fector  VCX,  which  is  as 

2X\/xx — rr 
the  angle  VCX. 

But  in  the  ellipfis  VRS,  let  CH  zz  z,  femicon- 
jugate  zz  c.    Then  the  elliptic  feclor  VCR  —  Fl. : 

rex  rr  rr 
.,  and  CT  zz  —  zz  x,    and  z  zz 


2s/rr — zz  z  X 

and  z  zz  ^H- — .     Then  putting;  for  z  and  z  their 
xx 

— crrx 
values,  and  theelip.  feclorVCR  —  Fl. : 7- 

z=  -1  X  cir.  fe&or  VCX  -,  therefore  when  xzzCT, 

A 
the  ellip.  feclor  VCR  :  cir.  feclor  VCX  i  :  c ;:  A  .-, 
that  is,  becaufe  the  angle  VCX  is  as  the  feclor 
VCX  3  the  angle  VCX  is  to  the  elliptic  fe&or  VCR 
in  a  given  ratio.  And  fince  CT  or  x  continually 
increases,  as  the  fec~lor  VCR  increafes,  the  body 
V  goes  continually  further  and  further  from  the  cen- 
ter C, 

fib.  and  the  Centripetal  Force  becoming  cen- 
trifugal] ior  then  the  curve  VFQ  will  turn  up- 
wards ; 
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wards;  and  the  law  of  the  force  being  the  fame, Fig. 
it  will  be  conftructed  the  fame  way  by  the  elliptic  27. 
Sectors  •,  taking  the  point  A   between  C   and  V. 
And  here  the  velocity  will  increafe,  as  it  recedes 
from  the  center  C.     But  it  can  never  revolve  round 
this  center. 

SECT.     IX. 

[Pr.  44,  or  in  antecedentia  with  a  celerity]  for 
then  the  line  mnC  falls  beyond  s,  sr  being  zz  rky 
and  sCk  zz  2rCk  ->  and  confequently  the  point  m 
falls  without  the  circle. 

[ib.  and  with  a  lefs  force]  if  the  orbit  moves 
flower  in  antecedentia,  than  with  twice  the  celerity 
of  CP  in  confequentia  ;  for  then  the  point  m  falls 
within  the  circle,  between  r  and  s. 

The  meaning  of  this  Prop,  is  this,  that  the  dif- 
ference of  the  forces  at  different  diftances  from 
the  center,  are  reciprocally  as  the  cubes  of  the  dis- 
tances (which  forces  are  requilite  to  make  the  body 
move^  in  a  quiefcent  or  revolving  orbit  •,  and  the 
diftances  to  be  the  fame  in  both.) 

[ib.  cor.  1.]  For  mn  reprefents  the  difference  of 
the  forces  by  which  p  revolves  to  #,  or  P  to  K  in 
equal  times  ;  and  the  veried  fine  of  RK  reprefents 
the  force  whereby  a  body  moves  from  R  to  K  in. 
the  circle,  in  the  fame  time. 

fib.  cor.  2.  as  half  the  latus  rectum]  for  thefe 

forces  are  as  bn  or  ar  to  bp  or  as.  B u t  ar  — =z_l . 

rD     aD 

And  as  D  :  sf  : ;  at>  :  2R ;  and  as  D  -  s^  x  aR 

2R 

abzxaD         A  atf  X  aD       abz     ^T1 

and  as  zz  __- zz  — .    Whence 


2R  jDX2R  2R 

brces  are 
in  fig.  2.  pi.  18 


thefe  forces  are  as  —  to  -JL,  or  as  R  to  aC  or  CV 
aD       2R 


[ib. 
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Fio-.      Hb.  cor.  2.1     For  let  the  force  in  the  immove- 
27-  able  ellipfis  be  ££il,  and  in  V  it  will  be  zJLl   or 

FF 

J_--_ .    And  the  force  by  which  a  body  may  revolve 

FFR 

in  a  circle  at  the  diftance  CV  is  — —  .      And  the 

difference  of  the  forces  in  V  (of  revolving  in  the 
moveable  and  immoveable  ellipfis)  is * 

and  in  every  altitude  A  is  — ;    and  the 

FFA 

force  in   the  moveable  ellipfis  will  be  £— . —    + 

RGG— RFF. 

A^ 
[ib.  cor.  4.]     After  the  fame  manner  as  in  the 
two  foregoing  Corollaries  ;  becaufe  when  the  velo- 
city is  given,  the  force  ex  curvature  or  reciprocally 

VFF 

oc  radius  of  curvature  j  therefore  T  :  R  : :   

TT 

RVFF 

: ,    which  is  the  force  wherewith  a  body 

may  revolve  in  a  circle  at  the  diftance  CV.     And 
by   cor.   I.    FF  :  GG  —  FF  : :    ^XEL  : 

, LfZZ ,    which  is  the  difference  of  the 

T> 
forces   (in  the  moveable  and  immoveable  orbits) 

in  the  vertex,  V.     And  by  the  prop.  _L  :  —    :  : 

7        *    V  T»     A' 

RVGG— RVFF     RVGG— RVFF       ..  ,         . 
: which  is  the 

T>  A' 

difference  of  forces  in  every  altitude  A  5  and  there- 
fore 
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fore  the  force  in  the  moveable  trajectory  upk  will  27. 

,     -*    ,   RVGG— RVFF 
be  X  + _ 

[ib.  cor.  6.]  In  this  cor.  X  =  *,  and  RVGG  — 
RVFF  is  compounded  of  all  given  quantities,  and 

the  force  in  Vpk  will  then  be  ,oc  —  This  alfo  ap- 
pears from  the  Prop,  for  the  difference  of  the  forces 
in  P  and  p  is  as ,  but  the  force  in  one  of  them, 

viz.  at  P  in  the  line  VP  is  0 ;  and  therefore  the 
other  force  in  Vpk  is  the  difference  of  the  forces, 

and  is  as .    Alfo  this  curve  is  the  fame  with 

Cp* 

that  in  cor.  3.  Pr.  41.  for  let  vad  be  a  circle ;  and  28. 

by  this  cor.  6.  <  vcp  oc  <  vcz  c*  arch  va  ex  area 

vca   oc  area  vcb9  which  is  the  conduction  in  cor. 

3.  Pr.  41  ;  alfo  cp  —  cz  or  cxy  becaufe  vz9  ax,  and 

bx  are  tangents,  which  is  alfo  the  fame  conftruction 

as  in  cor.  3.  Pr.  41. 

[Pr.  45,  but  orbits  acquire  the  fame  figure]  Let  2q< 

the  fmall  parts  of  the  curve  df,  fb,  hp,  &c.  be 

defcribed  by  a  body  A  in  indefinitely  fmall  given 

parts  of  time.     And  let  another  body  B  go  from 

D  in   the.  fame  direction  de9  and  with  a  velocity 

which  is  to  the  velocity  of  the  former  in  the  fub- 

duplicate  ratio  of  the  centripetal  force  of  B  to  that 

of  A  ;  and  let  it  arrive  at  s  in  the  aforefaid  fmall 

given  part  of  time.  Nov/  fince  efirs:  :  force  of  A  : 

force  of  B  :  :  velocity2  of  A  :   vel.2  of  B  :  :  dez  : 

drz  :  :  fquare  of  the  time'  of  B's  moving  thro'  de : 

fquare  of  the    time  of   B's  moving   through  dr. 

Therefore,  by  Lem.  10,  the  body  B  will  pafs  thro' 

/.    And  fince  rs  is  every  where  as  rd\  it  is  evident 

the  fame  curve  dsfytiW  be  defcribed  by  both  bodies, 

and  which  defg  touches  in  d,f.  Alfo  the  velocity  of  A 

in/:  vel.  cf  A  in  d:  :  as  perpendicular  from  C  or 

de  : 


30  A    COMMENT    on 

Fig.de  :  to  -i-  on  fg  :  :  v'el.  of  B  in/:  vel.  of  B  in  d. 
29.  And  vel.  of  A  in/:  velocity  of  B  in/: :  vel.  A  in 
d  :  vel.  of  B  in  D  : :  de :  dr  \  that  is  in  a  given  ratio  ; 
that  is  fg :  to  fk9  and  hn  to  hi,  and  p#  top/  are  in 
a  given  ratio ;  and  therefore  when  A.  is  arrived 
at£,  B  would  be  at  k9  and  fince  gh :  ki :  :  gf :  kf2-  : : 
^f  :  rd1  ::  ef :  rs ;  or  gb  :  ef :  :  ki  :  rj ;  that  is,  the 
centripetal  of  A  to  that  of  B  at  equal  diftances 
being  in  a  given  ratio,  B  will  pafs  thro'  i,  and  con- 
fequently  thro'  h.  After  the  fame  manner  it  may 
be  proved,  that  the  body  B  will  pafs  thro*  the  points 
m*  P*  u9  y9  and  defcribe  the  fame  curve  with  the 
body  A. 

Further,  if  another  body  D  move  thro'  Br  |]  to 
de9  and  with  a  velocity  which  is  to  the  velocity  of 
A  as  CB  to  Cd9  and  be  acted  upon  by  a  force  which 
in  the  points  |3,  <F,  z9  &c.  is  to  the  force  in  the 
points  d9  /,  h9  &c.  respectively,  as  Q3  to  Cd9 
d  to  C/,  Cz  to  Qh9  &c.  Then  I  fay  the  curve 
defcribed  by  the  body  D,  viz.  (S^z^w  will  be  fimilar 
to  the  curve  dfhpy ;  for  in  the  time  that  A  would 
arrive  at  e9  D  would  arrive  at  y  •,  and  becaufe 
Cy  :  Ce  :  :  Q3  :  Cd  :  :  force  at  (3  :  force  at  d  :  : 
yo  :-  ef:  :  Cr  —  y$  or  O  :  Ce  —  ef  or  C/-,  and  Q3  : 
C^  :  :  Cd  :  Cf,  7^  is  every  where  as  yfiz  in  all  the 
points  between  (3  and  y  [by  Lem.  10.)  it  is  manifeft 
the  fig.  C(3^  is  fimilar  to  the  fig.  Cdf,  and  the  tan- 
gent ds  j|  to  fg  •,  and  becaufe  the  areas  Cgf :  Cfd  :  : 
Csy  :  Ccif3  •,  wherefore  when  A  comes  to  g9  D  comes 
to  £  -,  but  gh  :  iz  :  :  C/:  C^  :  :  C^ :  Ce  :  :  Ch  :  Cz9  as 
before  -,  and  Cf :  Ch  :  \  Co  :  Cz,  whence  the  fig. 
Cfe  is  fimilar  to  Cfh  9  and  after  the  fame  manner 
it  will  be  proved,  that  the  nafcent  figures  C%£,  C<pu9 
are  fimilar  to  Chp9  Cpy  ,  and  therefore  the  whole 
figure  (3fe(pw  is  fimilar  to  the  figure  dfhpy. 

Or  universally,  if  the  orbits  j3^<p,  and  <-%>  are  fi- 
milar.     Cj3  CC  y$   OC   force  X  time*  of  defcri- 

bing 
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bing  B2  OC  force  X  — t^^-t  OC  force  x      °^    .-^Jf 
velocity  ~  velocity^   3°* 

Therefore  velocity1  a  force  X  diftance  C(3.  Whence 
if  Cj3  be  given,  velocity  oc  \/force  -,  and  if  velo- 
city OC  Cp>  force  OC  Cj3  alio,  which  agrees  with 
what  went  before.     If  the  force  be  given,  velocity 

OC  \/Q3.    If  velocity  be  given,  force  OC  —i-^, 

r,U  ,         -.,  T>  —  2TTX  +  3TX1  — X* 

Tib.  Exam.  i.l.  2.]  here -J -H^ . 

L  f  J  A* 

is  twice  repeated  in  the  Englifh,  which  is  wrong. 

[ib.  By  this  collation  of  the  terms]  for  fince  the 
fame  figure  will  be  defcribed  by  making  the  cen- 
tripetal force  proportional  at  equal  diftances  (alter- 
ing the  velocity  in  the  fubdupiicate  ratio  of  the 
force)  ;  and  fince,  when  R  is  nearly  zz  T  -,  and  x 
very  fmall,  the  centripetal  force  in  the  revolving 
eliipfis  will  be  as  RGG  ■ —  FFx,  and  in  this  orbit 
(becaufe  in  both,  the  denominator  A;  is  the  fame) 
is  as  T5  —  %TTx,  therefore  thefe  forces  ought  to 
be  proportional  at  all  diftances,  viz.  when  x  zz  0, 
and  any  other  indeterminate  diftance  A  or  T  —  x ; 
wherefore  (in  theie  two  cafes)  RGG  :  T3  ;  : 
RGG  —  FFtf  :  T*  —  3TTX  :  :  (and  by  divifion) 
FFx  :'*TT#  :  :  FF  :  sTT,  which  is  the  conftruc- 
tion  of  the  problem.  After  the  fame  manner  in 
example  2d,  the  centripetal  force  in  the  revolving 
eliipfis,  and  this  new  orbit,  will  be  as  RGG — FF#, 
and  T> — n  Tn~ lx,  and  to  have  the  orbits  fimilar, 
putting  x  zz  0,  RGG  :  T» :  :  (putting  T  — -  *  fof- 
any  indeterminate  diiiance'i  RGG  —  FFa1  :  T? — n 
T*-1*  :  :  (by  divifion)  FFx  :  nT"-'  x  :  i  FF  : 
nTn— l.  After  the  fame  manner  in  Examp,  3,  it 
will  be  RGG  :  bT'«  +  cT*  :  :  (RGG  —  FFx,  : 
bTm  4-  cTn  —  mbT,n—lx  —  ncT—-*x)  :  :  FFx  : 
mbTm~lx  ■+*  ncT^'x.     Or  GG  :  bTv:— >  -J-  cT*~* 
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FlS- :  :  FF  :  »JT*-«  +  wT'-1.      The  quantity  -ZE. 

AA 
RGG— RFF  ,.  x.       .      ,  -, 

+ A?    '    ■  (m  cor.  2.  pr.  44.)  is  univerfally 

as  the  centripetal  force,  whether  the  apfides  move 
backwards  or  forwards,  for  G  :  F  : :  VCp;  VCP :  ; 
(p.  180.)  pQn  :  pCk.  And  the  force  in  the  revolv- 
ing ellipfis  is  greater  than  in  the  immoveable  one, 
when  n  (fig.  2.)  is  without  the  line  ks ;  and  in  that 

cafe  (F  is  lefs  than  G,  and;  +  RGG--RFF  ^m 

A* 
be  affirmative.     But  the  force  is  lefs  when  n  falls 
between  k  and  s,    for  then  (F  is  greater  than  G, 

RGG— RFF  ■  •  , 

and)  + is  negative,  as  it  ought  to  be. 

A} 

SECT.      X. 

[Pr.  50.  it  is  evident  from  the  conftruction] 
Since  VP  touches  the  curve  in  P,  and  PB  is  -J- 
thereto,  therefore  B  is  the  point  of  contact  of  the 
circle  AD,  and  the  wheel  or  generating  circle,  and 
therefore  BV  —  AO.  Alfo  lince  WT  is  -u  to  TV, 
therefore  V  is  the  point  of  contact  of  the  generating 
circle  (whofe  diameter  is  VW)  and  OS,  whence 
VW  =:  OR.  The  figures  are  fimilar,  becaufe  their 
axes  are  as  the  radii  of  the  fpheres. 

[Pr.  52.  hence  fince  in  unequal- — ]  fuppofe  TR 
30.  to  be  a  fmaller  ofcillation,  to  find  the  velocity  in  I ; 
take  st :  SR : :  TI :  TR  ;  then  velocity  at  R  in  the 
arc  TR  :  velocity  at  R  in  SR  :  :  TR  :  SR ;  and 
velocity-  at  I  in  TR  :  velocity  at  R  in  TR  :  : 
(Prop.  51.)  velocity  at  /  in  SR  :  velocity  at  R  in 
SR::)  x/SR'  —  sR1-  :  SR.  And  ex  equo  velocity  at 
I  in  TR  :  velocity  at  R  in  SR  :  :  TR^/SR1  — /R2: 

SR2  :  :  H1^111  ~~  /RZ  :  SR  :  :  (becaufe  SR  : 
TR  ;  :  *R  :  IR  as)  v'TR4  ~^1rz  :  SR. 

[ib. 
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fib.  There  are  obtained  from  the  times  given]  Fig, 
for  in  two  unequal  arches,  twd  correfponding  parts 
are  defcribed  in  equal  times  (by  Prop.  51 .)  there- 
fore the  velocities  in  thefe  points  will  be  as  the  en- 
tire arcs  ;  and  therefore  both  the  velocities  and 
arches  will  be  known. 

[ib.  And  if  the  abfolute  force  of  any  globe]  that 
is,  the  force  at  a  given  diflance  be  called  V  ;  then  the 
force  at  the  diftance  CO  is  CO  x  V",  But  in  a  given 
time,  HY  is  as  the  force  ;  whence  CO  xV  is  as 
HY,  and  therefore  HY  is  defcribed  in  a  given  time. 

[ib.  cor.  1.  For  this  time]  for  then  AR  zz  AC, 
and  V  is  given  ;   therefore,  this  time  :  time  of  4 

f.„    .  /AC        /AR       ,      /AR 

ofcillation  :  :    /  —  :     / :  :  1  :  /- — . 

*  AC     v  AC  v  AC 

[ib.  cor.  2.  But  in  that  cafe]  for  (in  fig.  2.  pi.  19.) 

by  cor.  r,  2,  pr.  49.  AS  :  Bv  :  :  PS  :  PV  :  :  2CE  : 

CB  (in  this  cafe  as)  :  :  2  :  1  :  :  (and  by  divifionj 

AP:BV  —  PV;  whence  A P=:2BV~2PV ;  but 

verfed  fine  of  4  PB  — — ,  forcofinezz-JPVj 

2 

and  -1VB  —  4.VP  =  verfed  fine. 

[ib.  as  M.  Huygens]  all  this  is  demonftrated  in 
Keil's  Philofophy.  See  my  large  book  of  Mecha- 
nics, Prop:  40.  cor.  4, 

[Pr.  56,  let  the  projection]  T  is  projected  into 
P  and  *  into  p. 

[ib.  as  alfo  its  pofition]  The  greater  axis  2T/ 
is  perpendicular  to  PO. 

[ib.  and  fince  the  area  PO/>]  for  let  area  OI>  =  spy  3 1# 

which  is  given  (sp  being  »l.  to  PO)  •,  and  PB1  : 
Pr'  :  :  PBZ  —  SP* :  PSZ ;  whence  P.?  is  given,  and 
thence  SO,  the  angle  PO/>,  Op  and  Pp,  the -pointy, 
and  angle  QPp. 

SECT.  '  XI. 
[Pr.  57,  and   about  each  other]  confidering  ei- 
ther body  as  at  reft. 

C  [Pr. 


34  ACOMMENTon 

Fig.  [Pr.  58,  by  the  fame  forces  there  may  be  def- 
cribed,  &c]  that  is,  by  making  the  velocity  to  the 
former  velocity  as  (v/J/Tto  v/CP,  that  is  as)  v/P  +  S 
to  v/S,  as  appears  by  the  Prop. 

[Pr.  60,  in  a  ratio  fefquiplicate]  it  fhould  be  fub- 
fefquiplicate. 

[ib.  of  the  other  ellipfis,]  As  Si :  S  4-  Pi  Let 
Si  :  a  :  e  :  5"  +  P*  be  ~  .  Then  SI  :  S"+P*  s  ; 
(S  :  &  :  0  f3:S  +  P.  But  (fince  S  +  P:^::»;;j) 
*'  is  the  firft  of  two  mean  proportionals  between 
S  +  P  and  S. 

[Pr.  61.]  Note,  if  a  body  were  placed  in  the  cen- 
ter of  gravity,  and  whofe  force  would  be  fufHcient 
to  caufe  one  of  the  bodies  to  revolve  around  it,  and 
to  defcribe  the  fame  figure  %  yet  it  would  not  caufe 
the. other  body  (if  it  were  unequal)  to  defcribe  its 
figure,  except  in  that  law  of  centripetal  force,  which 
is  as  the  diftance  where  the  periodic  times  are  all 
equal.     For,  to  preferve  the  fame  motion  as  be- 
fore, either  body  muft  be  attracted  to  the  body  in 
the  center  of  gravity,  with  a  force  which  is  as  the 
other  body,  or  as  its  own  diftance,  which  is  the 
cafe  of  one  body  attracting  another  *  and  holds  on- 
ly (in  the  caie  of  their  being  attracted  by  a  third 
body  in  the  center  of  gravity)  in  the  law  of  cen- 
tripetal force  before-mentioned.  "  And  therefore  in 
[  Pr.  62.]  The  for;  going  note  is  to  be  obierved. 
[Pr.  64.  This  would  be  the  cafe]  For  this  only 
caufes  the  bodies  T,  L,  to  revolve  more  fwiftly 
round  their  center  of  gravity  D,  but  affects  not  the 
other  bodies. 

( ib.  with  equal  periodical  times.*]  By  the  fore- 
going (in  the  three  bodies  S,  T,  L)  the  body  S 
defcribes  an  ellipfis  round  C ;  and,  by  confidering 
the  center  of  gravity  of  S,  Tv  as  defcribing  an  el- 
lipfis 'as  before  of  T,  L,)  it  will  appear  the  fame 
way  that  the  body  L  defcribes  an  ellipfis  round  C; 
ana  as  the  center  of  gravity  of  S,  L,  defcribes  an 

ellipfis, 
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ellipfis,  fo  T  defcribes  an  elJipfis  alfo,  round  C.Fig* 
Further,  from  what  went  before,  the  centripetal 
force  of  S  towards  C,  is  as  T+Lx  SC~+~CD, 
or  T  +  JL  +  S  X  SC.  Alfo  the  centripetal  force 
of  T  towards  D,  is  as  L  X  TD  -+-  DL  +  S  x  TD 
(which  latter  part  arifes  from  the  refolution  of  the 
force  ST  into  SD,  DT,  and  DT  acts  towards  DJ, 
or  as  T+L+S  X  TD.  Now  by  cor.  2,  8.  pr.  4* 
The  periodic  times  are  in  the  fubduplicate  ratio  of 
the  radii  directly,  and  the  fubduplicate  ratio  of  the 
forces  inverfly :  therefore  the  periodic  time  of  S, 
round  C  :  periodic  time  of  T,  round  D  :  : 
/  SC  /         TD 

.  / - =  :  ,J  ——-====:  ;    and    are 

V  SCxT+L+S      v  TDxT4-L-HS 

therefore  equal ;   fo  that  after  one  revolution,  the 

bodies  all  return  to  their  firft  places. 

After  the  fame  manner  the  point  C,  and  a  fourth 
body  V,  as  alfo  the  bodies  S,  T,  L,  will  defcribe 
ellipfis  round  their  common  center  of  gravity  B, 
for  any  one,  and  the  center  of  gravity  of  the  other 
three  will  defcribe  ellipfes  ;  and  the  cafe  is  the  fame 
if  there  were  more  bodies.  Alfo>  as  before,  and 
by  a  like  refolution  of  forces,  fince  the  forces  YSt 
VT,  VL,  are  refolved  into  VC,  CS  ♦,  VC,  CT  ; 
VC,  CL  •,  the  former  acting  in  the  direction  of  CV 
towards  V,  the  latter  to  C  their  center  of  gravity  % 
and  are  as  the  diltances  of  the  bodies  therefrom,  as 
before  ;  they  will  therefore  ftill  move  round  their 
center  of  gravity  C  as  before,  but  fwifter,  altho* 
all  the  four  revolve  round  B.  Alfo  periodic  time 
of  V  round  B  :  periodic  time  of  S  round  C  :  : 

/ BV / SC 

*  S+T+LxCB  +  BV  '^T+I^SxSC-r-VxSC 

BV 


:  :  (that  is,    as)    J  =^ 

j. 


L  +  H  V  x  BV 

SC 

and  are  therefore  equal ; 


T+L+S+VxSC 

G  2  and 
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Fig.  and  if  more  bodies  were  added,  all  the  bodies 
would  perform  their  revolutions  in  equal  periodic 
times.     §K  E.  D. 

[Pr.  66.  cor.  2.  Such  is  the  force  NM.]  This 
force  always  acts  from  P  in  a  direction  parallel  to 
TS,  and  from  M  towards  T. 

[ib.  cor.  6.  the  periodic  time  will  be  increafed,] 

Rad  3 

for  then  the  periodic  time  is  OC  *■ ,  which  is 

\/  force 

a  greater  ratio  than  Rad  4,  becaufe  the  force  is  di- 

minifhed. 

[ib.  cor.  7.  the  upper  apfis  to  go  backwards]  for 

_ 3  >  —  2.   And  _ _  ;>  1 ;  therefore n  is  > 

m%  m2-  — 

than  m.  Alfo  put  D  zr.  diflance  (r  =  a  given  quan- 

.    /D3+rJ 
tity,)  and  the  force  is  f  — ^r~  >    or   rather)  as 


Da+-U 

D 


,  and  when  the  diflance  increafes,  the  de- 


creafe  of  the  force  is  D4  +  _L,  which  is  lefs  than 

D2  +  - — ,  which  is  the  decreafe  according  to  the 

duplicate  ratio.  Alfo  at  the  conjunction,  &c  the 
force  of  P  towards  T  is,  the  centripetal  force  of 
T  +  LM  —  TM,  or  the  centripetal  force  of 
T  —  KL.     Alio  the  decreafe  of  the  force  is  as 

dz  —  -L ,  which  is  greater  than  dz  — ,    or  the 

d  d 

decreafe  according  to  the  duplicate  ratio.      And 

nz  i 

,       —  3  <Z  —  2  ;  and  n  <Z  m. 

m' 

[ib.  cor.  7.  The  truth  of  this]  for  then  the  fur- 
ther P  recedes  from  T  the  more  it  is  attracted  to- 
wards the  bodies  S,  S,  and  therefore  lefs  towards 
T,  than  it  would  otherwife  be. 

Lib. 
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[ib.  cor.  8.  when  the  apfides  are  in  the  fyzyges]  Fig. 
for  then  NM  is  greater,    and  LM  lefs,  than  be- 
fore. 

[ib.  cor.  9.  Now  therefore— 1  For  the  ratio  of 
KL  to  LM  is  leaft  when  the  apfides  are  in  the  qua- 
dratures, and  greatehVin  the  fyzyges. 

[ib.  For  the  forces  LM]  as  is  {hewn  in  cor.  7. 

fib.  cor.  io,  from  the  fyzyges  to  the  quadra- 
tures] for  after  the  fyzyges,  the  body  P  by  the  ac- 
tion of  S,  is  made  to  move  in  lines  which  fuccef- 
fively  cut  the  plane  TPS  at  greater  and  greater  an- 
gles. And  for  the  fame  reafon  at  the  900  from  the 
octants  (between  C  and  A),  the  body  is  drawn  in- 
to lines  (or  little  planes)  which  cut  TPS  at  greater 
and  greater  angles,  which  before  900  cut  it  at  lefs 
and  lefs. 

[ib.  and  by  a  like  reafoningl  for  the  inclination  32. 
is  increafed  from  u  to  D,  dimiiiiihed  from  D  to  S, 
increafed  from  S  to  C,  diminifned  from  C  to  u ;  as 
is  plain  by  fuppofing  T  and  any  point  p  wherein 
the  body  is,  to  be  joined  ;  and  the  plane  pit  to  re- 
volve round  />T,  till  it  pafs  thro'  the  new  place  of 
the  body  £,  (which  it  acquires  either  above  or  be- 
low the  plane  pTt.)  by  the  (action  of  S  upon  it,  or 
the)  force  NM  ;  and  then  it  will  appear,  how  that 
new  acquired  plane  cuts  the  plane  bCT,  whether 
in  a  greater  or  leffer  angle. 

[ib.  cor.  11. — -from  the  former  plane  CD]  Since 
the  inclination  of  the  orbit  is  diminifhed  from  C 
to  A,  the  interfection  with  TSE  will  move  from  C 
to  B,  and  from  D  to  A  ;  and  feeing  that  inclination 
is  increafed  from  A  to  D,  the  interjection  (or  nodes) 
will  (lill  move  towards  B  and  towards  A. 

[ib.  being  always  either  retrograde]  that  is,  con- 
fidering  a  whole  revolution  •,  for  in  fome  points 
they  go  forward. 

fib.  cor.    13.  And  fince  the  caufes  and  propor- 
tions] to  one  another,  and  to  the  force  of  S,  &c. 
C  3  [ib, 
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Fig.      [ib.  cor.  14.  But  fmce  the  forces]  For  SK  :  LM 
:  :  accelerating  force  of  T  towards  S  :  perturbating 
force  of  S.     And  therefore  the  perturbating  force 
c  c       LM  X  accelerating;  force  of  T  towards  S 

Ox    S  =  ^_ 

But  fince  SK  =  ST  nearly,  and  LM  (in  its  mean 
quantity)  zz  PT.  And  the  accelerating  force  of  T 
towards  S,  is  as  the  body  S  directly,  and  ST2,  re- 
ciprocally ;  therefore  the  perturbating  forces  LM, 

NM  OC    SJ*>&i,    that  is,     OC 

PTxboJies  _      0r0CPTxden. 

tD  periodic  time  of  T  round  S 
fity  of  S  X  cub.  apparent  diameter  of  S.  (for  the 
apparent  diameter  is  as  the  real  diameter  directly, 
and  the  diftance  reciprocally) 

fib.  cor.  16,  fquare  of  the  periodical  time  of  the 
body  P  conjunctly.]  This  holds  as  true  in  the  fy- 
nodic  time  of  the  body  P,  (fince  the  action  of  the 
forces  that  cauie  thefe  errors  begin  and  end  at  the 
quadratures,  which  comes  to  the  fame,  as  if  they 
begun  and  ended  at  the  fyzyges)  fee  what  follows. 

fib.  and  hence  the  angular  errors]  thefe  in  one 
revolution  are  as  the  linear  errors  directly,  and  the 
radius  or  diftance  reciprocally,  that  is,  as  the  forces 
and  fquare  of  the  time  of  revolution  of  P,  direct- 
ly, and  the  diftance  TP  reciprocally ;  that  is  (be- 
caufe  the  force  QC  TP)  as  fquare  of  the  time  of 
revolution. 

[ib    Let  thefe  ratio's]     The  angular  errors  of  P 

obferved  from  T  are  as - — L_,  that  is  (by 

cor.  ,4.)  as     PT  X  body  S  X  time;  >  ^  ^  ^ 

PT  x  Q  T's  periodic  time 
the  time  of  one  revolution  of  P  (and  if  S  be  gi- 
ven)   as  pt^me  of  P's  revolution 
D  periodic  time  of  T* 

[ib. 
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Tib.  both  thefe  motions  will  be  as  the  periodical  Fig. 
time  of  the  body  P,  directly,]  for  the  angular  mo-  32. 
tion  or  velocity,  or  the  mean  angular  errors,  are  as 
the  ium  of  all  the  angular,  errors  in  any  time  di- 
rectly, and  the  time  reciprocally  ;  that  is,  (in  the 
periodic  time)  as 

body  S  X  D  time  of  P's  revolution 
time  of   P's  revolution  X  D  periodic  time  of  T» 
that  is,  as  body  S  X  time  of  P's  revolution  directly; 
and  the  fquare  of  the  periodic  time  of  T,  recipro- 
cally. 

[Cor.  20.  And  thence  the  greateft  height  of  the 
water]  This  is  explained  by  Worfter  in  his  (Ex- 
perimental) Philofophy,  page  72.  Alio  fee  my 
Geography,  Prop.  12.  Seel:.  I. 

SECT.     X1L 

[Pr.  79.  As  the  lineola  D^/,]  when  the  radius  of 
the  fphere  is  given  ;  and  when  the  radius  is  not  gi- 
ven, as  Dd  and  the  radius  conjunftly ;  therefore 
AS,  and  alfo  PS  or  PE,  may  be  of  any  magni- 
tude. 

[ib.  the  fum  of  all  the  rectangles  PD  x  T)d]  that 

is,  as  £L+Z£  x  DF,  or  **  +  *£  x  FF^PD, 

2  2 

PF*  —  PD\ 

or 

2 

[Pr.  80.  The  whole  force  of  the  fphere  will  be 
as  the  whole  area  ANB.]  Alfo  it  is  manifeft,  that 
the  attraction  or  force  of  any  part  of  the  fphere 
FEB,  is  as  the  correfpondent  part  of  the  area 
t)NB. 

[Pr.  81.  Ex.  1.]  The  area  SL  into  AB  =  SL 
X  AB,  becaufe  both  SL.  and  AB  are  given.  And 
the  area  LD  into  AB  is  a  trapezoid,  whofe  bafe  is 
AB,  and  the  two  parallel  fides  LA  and  LB  ;  for 
as  the  point  D  removes  nearer  A,  the  ordinate  LD 
C  4  decreafes 
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Fig.decreafes  (from  B  where  it  is  LB)  to  A,  ( where  it 

32'  is  LA) ;  and  that  area  is  LA  +  LB  x  AB,    or 


LA  +  LB  ^  7-5 r-r      ,       .      LB*  —  LA* 

- X  LB  —  LA,  that  is,  — j 

2  2 

or  it  is  ?]_*  ±__5  x  AB,  that  is  LS  x  AB.   And 

2 

fi  LB 
the  ordinate  — ,  is  the  ordinate  of  an  hyperbola 

between  the  affymptotes,  whofe  center  is  L,  and  one 
affymptote  LB  -,  for  ALB  is  a  given  rectangle,  and 

ALB 

the  nature  of  the  hyperbola  is  that  _____  (LD  the 

part  of  the  affymptote  being  taken  as  the  axis)  is 
as  the  ordinate  erected  on  D  ;  whence,  the  reafon 
of  the  conftruction  will  be  evident  j  for  aABb  is 
the  aforefaid  trapezoid,  by  conftru&ion  ;  alfo  in  the 
hyperbola  ab>  the  rectangle  LB  x  B£  is  given,  but 
that  (by  conftruction)  is  _z  the  rectangle  ALB  ; 
when  the  hyperbolic  area  aABb  is  that  defcribed  by 
A  I  B 

the  ordinate  : — __.     And  the  difference  of  that 

LD 
and  the  trapezoid  (which  is  the  difference  of  the 
two  firft  areas,)  is  the  area  aba  required. 

[ib.  Ex.  2.  the  third  — _ _.  \    this   is    eafilv 

2LD"    /  ' 

calculated  by  fluxions,  LD  is  a  flowing  quantity ; 
the  fluxion  of  the  area  is  1__ — _ — xLD— 2xLd. 


And  the  whole  area  is  ALB  x  SI  x  LD-1,  that 

—  2 

ALB  x  SI        ,   i      TT.       TT3,  ALBxSI    c 

CL—  or  (when  LD  _z  LB)  — : — —  :  from 

—  2LD         s  ;    —2  LB 

this    take    the    area    (when    LD  _=  LA,  viz.) 

ALB 
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ALB  X  SI    an(j  t^e  difference  js  the  ^^  fought    ^' 

-  2LA. 
ALB  x  SI      ALB  x  SI 

2LA  2LB 

[ib.  Ex.  3.]    The  fluxion  of  the  firft  area  is 

SPxSL      TTA    ,      T  .  ,     ,        ,    . 

-r-7= —  X  LD— I  X  Ld  ,    and  the  whole  area  is 

v  2  SI 

2SPXSLxLD-4  2SPXSL  .     i 

T— ,  or -p== — 7=>    and  that 

AT,   .     2SI*'xSL 

part  of  the  area  on   AB   is   ■ —   ■      x 

r V/2SI 

The  fluxion  of  the  fecond  area  is 


v/LA       v/LB 

SP 
1 — =  x  LD— I  X  Lb  ;    and    the  whole    area 

2v/2SI 

SP  SP 

— =  X  LDi,  and  the  area  on  AB  is  —7=--     x 
vASI V2SI 

-v/LB  —  n/LA.  Alfo  the  fluxion  of  the  3d  area  is 

SP  x  ALB       T  r>    5      t  •  j    t 

•. — ± X  LD--I  X  Ld  i    and  the  whole  area 

VVsi 

SP  X  ALB       _  _    3  ,    ,  An  m 

X  LD--I ;    and  the  area   on  AB  is 

— 3v^SI 

SPxALB  1  1 

X 


3\/iSI        v/LA'        v/LB*  ' 

[ib.  And  thofe  after  due  reduction]    LA,  LI, 

LB  are   ^  i  for  S?  =  ^-.     PI  =  -jjj SI. 

LI  zz     -  PT       .     And  LA  =  PS  —  AS— LI  = 
2SI 

SA2  +  SP      0               ,  x :.         SA*  +  SP      o 
~ SA.     And  LB  = Zr—  +SA. 

20  J  ZM 

But  SA*+SI'  —  SA  .  SA2  —  SI*  .  SA2  +  SP  + 

2Si  "  251  '  2bi 

SA,. 
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Fig.  SA,  are  '^  ,  as  will  appear  by  multiplying  them; 
Hence  i/LB  —  x/LA  zz  y/iSI.  For  2v/LBxLA 
zz  2SI=2LS— 2SI=LB+LA— gSI.  AndLB+ 
LA  —  2v/LBxLA  —  2SL  And  (by  Evolution) 
v/LB  —  y/LA  zz  y'aSL  Therefore  the  firft  area 
(^  ^SIxSL  VOVU,  _  2SP  x  SL 
V  ~       v^SI  v/LBxLA  /  ~         LI       # 

And  the  fecond  area  zz  SI2  And  v/LB* — v'LA* 
( zz  LB+LA"  x x/LB^s/LA  +  ^/LB  X  v^ALB 

—  v/AL  Xy/ALBzz  2LS  X-j/zSI  +  y/ALB  x 
v^SI  zz  2LS  +  LI  X  v/2$l)  "=  3L1  +  2SI  x 
v/2SI.     Whence  the  third  area  zz  SP  x  ALB  x 

^/2SI 

y/LB*--  y/LA*   _  SI*X3Ci  +  2SI     _  sp 
v/ALB*         "  3v/ALB  =  3Ll    " 

iS1l 

3LI' 

[Pr,  83.  let  us  fuppofe]  it  mould  be,  let  that  fu- 

perficies  oe  not  a  purely,  &c.  as  it  is  in  the  original, 

SECT.    XIII. 
[Pr.  90.  cor.  1,  2  ]  for  the  fluxion  of  the  area 
is  as  D"-*i> ,  and  the  area  as  or  as *,    and 

the  area  ALIH,  as  — I ! — . 

PA"-1      PH"-1 

[Pr.  91.  cor,  1.    And  the  other  part  -—     for 

PR-* 
pp 

the   fluxion   of   that   area   is  zz  _    X  W    = 

PR 
pp  1 

-  ",  op>  X  Pf  =  RF2— PF2  2  xPFxPf  .  And 
y/Kr   +i  r 

the  area  =  RFa  +  Pjp*  zz  PR.     And  (the  area  on 

PB 
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PBisPE— -AD;    and  on  PA,    PD— AD.    AndFig, 
their  difference)  PE — PD,  is  the  area  on  AB. 

[Pr.  91.  cor.  2. J  This  is  calculated  in  the  Ap- 
pendix, by  the  help  of  the  Quadratures  of  Curves, 
which  fee  in  Harris's  Lex,  vol  2. 

And  the  curve  KRM  is  a  conic  feflion  ;  for  the 
indetermined  quantities  rife  only  to  two  dimen- 
fions.     Let  SA  zz  r.     SC  zz  c.  BE  zz  u.  PB  zz  b. 


cc 


ER*  zz  PD2  zz  PE*  +  EDZ  zzb  —  u    +  —  X 

rr 


2CC  .  CC 


iru  —  uu  z=.bb  + 2^X^+1 Xuu. 

r  yt 

[Sch.  Pr.  93,  andl  fuppofe  the  force  proportional.]  33: 

For  confider  A,  B,  as  flowing  quantities,  and  let 

m 

A  be  given  zz  0.     Now  fince  A«zz  B;  therefore 
when  A  becomes  A  +  A  zz  A  +  0,   B  becomes 


m 


B  4-  b,  and  then  B  -f  b  =  A  +  0 «  =,  A*    +  — ■ 

m-n        mi  mn  7MB 

eh n    4- 1 —  00 A   «     +  &c»     Now   "    any 

quantity  A  +  on   (where  0  is   infinitely  fmall)  be 

involved ;   the  firft,  fecond,  third,  &c.  term,  will 

be  refpectivelyas  the  flowing  quantity  (A « ),thefirft, 
fecond,  &c.  fluxion  of  that  quantity,  as  is  demon- 
ftrated  in  the  quadrature  of  curves,  Sch.  to  Pr.  11. 
(for    which    fee    Harris's    Lexicon.)     Therefore 

—  00A — «"""  is    as   the  fecond   fluxion   of 

2»a 

A«.  Now  if  a  (centrifugal)  force  aft  from  the 
line  CD  in  the  direction  B,  and  a  body  move  in 
the  curve  CZ,  the  fluxion  of  A  will  continue  the 
fame  always,  and  the  force  acting  upon  the  body 
will  be  every  where  as  the  fecond  fluxion  of  B,  or 

of 
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Fig.          *                                                  mz  —  mn 
of  A«  (its  equal),  and  therefore  as  - — ~x 

m-zn          ,          _      .      .               nf—mn     n-™ 
coh   ■    ,  or  (becaufe  o  is  given,)  as A   n   > 

wa — #2#    w~ 2tt  mn — mz     m—zn  .  , 

or  as B  «    -Or —  u  »     is  as  the 

tz1  n 

centripetal  force.  This  may  be  eafilier  (hewn  by  flux- 

m 

ions  only,  by  finding  the  2d  fluxion  of  (B  or)A^  • 
SECT.     XIV. 

34.  [Pr.  94-  equal  to  the  fquare  of  HM]  for  imagine 

35.  a  diameter  diawn  through  H,  and  an  ordinate  to  it 
through  1,  the  abfchTa  will  be  zz  MI,  and  the  or- 
dinate zz  MH.  Alio  compleating  the  figure,  the 
tangent  IP  cuts  from  the  diameter  H#,  Hp  —  Hu 
zz  Ml  -,  therefore  the  triangles  HLP,  MLI  are 
equal  and  fimilar,  and  HL  zz  I,M.  And  the  latus 
rectum  to  Ha  is  always  the  fame,  whatever  the  an- 
o-le  of  incidence  be,  if  the  velocity  be  given  •,  for 
the  line  Hi,  that  the  body  will  defcribe  in  a  given 
time,  is  given  •,  and  the  line  dgt  that  the  body  ap- 
proaches the  plane  in  a  given  time  is  given  ;  and 

Hi1         — z 
therefore  — _,  or  _5L      or  tne   htus   rectum,    is 

Hz         zH 
given. 

[Pr.  96".  Sch.  of  the  fecants']  of  the  angles  be- 
tween the  line  of  incidence  and  the  plane. 

[Pr.  97,  cor.  2.]  The  curve  lines  CP,  CQ  (be- 
ing every  where  perpendicular  to  AP,  DK,)  are 
compofed  of  arches  of  circles  •,  therefore  PD  is  the 
increment  of  AP  or  AC,  and  QD  the  decrement 
of  QK  or  CK-,  and  therefore  thefe  increments  are 
as  the  fines  of  incidence  and  emergence.  And  e 
contra^  if  PD,  QD  are.  as  the  lines  of  incidence 
and  emergence,  a  body  moving  in  the  line  PD, 
fhall  emerge  in  the  line  QDK,  by  this  Prop. 

[Pr. 
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[Pr.  98.  and  therefore  QS  to  be  always  equal  to  Fig, 
CE  ;]  For  lince  qqqq  and  ssss  are  always  perpendi-  30. 
cular  to  qs,  therefore  fuppofmg  QS  and  1  qs  to  in- 
terfed  in  K  ;  then  KQ—  KS  =z  K.iq  —  KS,  that 
is  qs  zz  iq,s.  Alfo  let  i^.K  and  %q.s mteriecl  in  T, 
then  iq.s  zz.  iq.T  —  ST  r2T  —  sT  rz  2q<s.  Alio 
<iq, s  ==  2q.V  — -  SV  =z  32.V  —  SV  =  3^.S  ;  and  fo 
on,  'till  at  laft  qs,  coinciding  with  CE,  will  be  e- 
qual  thereto.  Therefore  QS  is  every  where  equal 
to  CE. 

[ib.  Sch  ]    See  the  Author's  Optics,  where  all 
fchefe  things  are  (hewn. 


BOOK 


Fig. 


[46] 

BOOK       II. 

SECT.      I. 

[T)R.  2.  cor.  For  if  that  area]  by  Marq.  Hofpi- 
±  tal's  Conic  Sect,  art.  219.  ^nd  my  Conic 
Sect.  Prop.  S6,  Hyperbola,  cor.  6. 

[ib.  of  the  right  line  AC]  by  the  converfe  of 
Lem.  1  ;  but  the  contrary  does  not  hold,  that  is, 
if  any  area  ABGD  be  taken  for  the  time,  that  DC 
fhall  reprefent  the  velocity,  or  AD  the  fpace. 

[Pr.  3.  And  the  refiftance  J  The  force  of  gra- 
vity may  be  compared  with  the  refiftance  of  the 
medium  ;  for  they  may  both  be  confidered  as  uni- 
form prefiure. 

[ib.  or  AC  to  ^AK]  For  fuppofe  a  tangent  to  be 
drawn  to  the  point  B,  then  Kq  :  (fubtangent  =) 
AC  : :  kq  :Bk  or  AK.  And  in  general  in  any  area, 
as  Mj/N  ;  it  will  be,  AC  :  |MN  +  NC  : :  (by  the 

nature  of  the  hyperbola)  Ms  +        :  AB  or  M«. 

2 

And  by  divifion  AC  :  AM  +  ^MN  :  :  Ms  +  N/ 

2 

:  m  +—  :  :  area  jMN/  :  area  smnt.     But  AG  : 

2 
AM  +  4.  MN  : :  force  of  gravity  :  refiftance  in  the 
middle  of  the  fourth  time.  Therefore,  jMN/  : 
smnt :  :  force  of  gravity  :  refiftance  in  the  midft  of 
the  fourth  time,  and  fo  of  the  reft. 
27,  And  the  like  demonftration  holds  in  afcending 
motion  •,  for  let  the  rectangle  ABDG  be  divided 
into  innumerable  rectangles  D£,  K/,  La»,  M»,  &c. 
which  fhall  be  as  the  decrements  of  the  velocities 
produced  in  fo  many  equal  times  ♦,  then  will  AE, 
Ak,  A/,  A02,  &c,  be  as  the  whole  velocities,  and 
therefore  as  the  refiftances  of  the  medium  in  the 

begin- 
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beginning  of  each  of  the  equal  times.  Let  AC  :  Fig. 
AK : :  force  of  gravity  :  refiftance  in  the  beginning  37. 
of  the  fecond  time  5  then  to  the  force  of  gravity- 
add  the  refinances,  and  DEHC,  K£HC,  L/HC, 
Mm  HC,  &c.  will  be  as  the  abfolute  forces,  or  cc  de- 
crements of  the  velocities,  cc  D£,  K/,  L»,  M»,  &c. 
and  therefore  f^  •,  whence  DG^K  zz  K^rLzzLrjIVI 
zz  Mj/N,  &c.  will  be  <x  the  equal  times  or  forces. 
But  AC  :  MC : :  Ms  :  AB.  And  by  divifion  AC  : 
AM  :  :  Ms  :  ms  :  :  area  sMNt  :  area  smnt  :  :  (and 
therefore  as)  force  of  gravity  :  refiftance  in  the  fourth 
time ;  and  fo  of  the  other  areas.  Therefore  fince 
DG^K,  KqrL,  LrsM,  Mj/N,  are  OC  the  gravita- 
ting forces,  the  areas  GEkq,  qktr,  rims,  msnt,  OC 
refiftances  in  each  time,  OC  velocities  OC  fpaces 
defcribed.  And  by  composition,  in  the  times 
DGrL,  DGBA,  the  fpaces  defcribed  will  be  as 
GE/r,  GbB.     ^  E.  D. 

fib.  cor.  3.]   For  the  diff.  fpaces  OC  velocities 
(that  is  by  cor.  2.)  OC  CA,  CK,  CL  (  -  ),  or  OC 
AK,  KL,  LM  (  ;- )  by  lem.  1.  (fig.  3.) 

[ib.  let  that  alfo  be  diftinguifh'dj  This  is  true  in 
this  law  of  refiftance ;  becaule  the  motion  loft  is 
OO  velocity  OC  remaining  velocity  OC  fpaces  de- 
fcribed 

[Pr.  4.  which  is  the  locus  of  the  point  r  ^  E.D.] 
all  the  reft  is  plain  by  Prop.  2.  and  3,  and  cor. 
Pr.  2. 

[ib.  cor.  1,  that  is,  if  the  parallelogram]     For 

DA  :  CP  :  :  DR  :  RX  zz  Dl'xCF,  ButDABzz 

■  DA. 

DC  —  AC  x  AB  zz  (by  the  nature  of  the  hyper- 
bola) AB  —  AQ  X  DC  zz  Q8  x  DC  zz  (by  con- 

ftrudion)  N  x  CP.     And  DA  zz  NxCP   Where- 

AB 
fore  RX  zz  Dk  X  CP  x  AH    __  PR  X  AB 
NxCp-  ]N 

fib. 
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Fig.      [ib.  cor.  4.  DraF  is  alio  given.]  by  this  prop. 

[ib.  cor.  6.]  for  then  2DP  OC  J^_r£^l_    OC 

refiftance 

lat.  '  velocity1    __       ,     . 

. OC i—  OC  velocity. 

velocity  velocity 

F/*t 

[ib.  cor.  7.  the  ratio  ~y       For  when  this  ratio 

DF  J 

is  the  fame  with  the  other,  the  curves  defcribed 

(and  fuppofed  to  be  defcribed)  in  thefe  two  cafes, 

will  be  fiaiilar. 

SECT      II. 

Prop.  5.  had  been  better  expreffed  thus,  (tho' 
the  tranflation  agrees  with  the  original.) 

If  a  body  is  rejifted  in  the  duplicate  ratio  of  its  ve- 
locity, and  moves  by  its  innate  force  only,  thro3  a 
Jitnilar  medium  \  and  the  f paces  be  taken  equal :  I 
fay,  that  the  times  of  their  dej crip t ion  are  in  a  geo- 
metrical progrejjion  increafing  ;  and  that  the  veloci- 
ties at  the  beginning  of  each  of  the  times  are  in  the 
Jame  geometrical progrejjion  (decreafmg  or)  inverfely. 
For  it  is  plain,  that  the  times  may  be  taken  in 
fuch  a    gometrical  progreffion,  as  that  the  fpaces 
cannot  be  equal,  nor  the  velocities  in  the  fame  in- 
verfe  progreffion.      But  if  the  fpaces   are  equal, 
the  times  and  velocities  will'  be  in  a  geometrical 
progreifion,  inverfe  to  one  another.     The  demon- 
stration is  the  fame  however  the  propofition  be  ex- 
preffed.    For  it  being  proved  that  the  lines   AB, 
K£,  L/,  &c.  being  fquared,  the  fquares  are  as  the 
differences  of  the  lines ;  and  alfo  that  the  fquares 
of  the  velocities  are  as  the  differences  of  the  velo- 
cities.    Therefore  if  AB  and  Kk  be  taken   as  the 
velocities  in  the  beginning  of  the  times  AK,  KL  ; 
and  an  hyperbola  be  drawn  thro'  the  points  B,  kt 
to  the  affymptote  CD  ;  (whofe  center  let  be  C  -,  all 
the  other  velocities  will  be  a?  the  lines  LI,  Mm,  &c. 

becaufe 
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becaufe  the  progreffion,  of  the  lines  as  well  as  the  Fig. 
velocities,  continues  the  fame  all  along.  Whence 
the  fpaces  fin  thefe  equal  times)  will  be  as  the  a- 
reas  Ak,  K/,  Lm,  Sec.  and  in  the  time  AM,  the 
fpace  will  be  as  AM»B.  Now  conceive  the  area 
AM^B  to  be  divided  into  the  equal  areas  A£,  K/ 
L;/?,  &c.  Then  will  CA,  CK*  CL,  &c.  be  ^ 
increafingj  and  the  parts  (by  Lem.  i.)  AK,  KL, 
LM,  &c.  which  are  as  the  times,  will  be  in  the 
fame  progreffion,  increafing.  Alfo  the  velocities 
AB,  Ki,  L/,  &c.  (which  are  reciprocally  as  CA* 
CK,  CL,  Sec.)  will  be  in  the  fame  progreffion  in- 
verfely.     Q,  E.  D. 

[Pr.  7,  and  times  conjunctly]  very  fmall  particles 
of  time. 

[ib.  they  will  always  defcribe  fpaces*]  for  the 
pares  of  fpace  defcribed  in  thofe  feveral  particles  of 
time,  are  as  the  refpeclive  velocities  x  thofe  feveral 
parts  of  time  ,  that  is,  as  the  firft  velocity  X  each 
part  of  time.  And  by  compofition,  the  whole 
fpaces  are  as  the  firft  velocities  x  whole  times. 
4  E.  D. 

[Prop.  7,  cor.  3.]  dele.  Let  thofe  diameters 
applied  to  that  power. 

[Pr.  8.]  in  fig.  1,  PI.  2,  k  ought  to  be  beyond 
/  in  refped  of  A,  &c.  becaufe  the  reilftance  de- 
creafes.  But  the  demonftration  is  the  fame  any 
way.  But  this  figure  is  not  in  the  t ft  or  2d  Ed.  of 
the  original.  In  Prop.  8  and  9,  AC  rcprefents  the 
relative  gravity,  or  its  weight  in  the  fluid. 

[Pr.  9.  cor.  7.]  For  the  greateft  velocity  is  given 
(by  Pr.  8.  cor.  2,  3.)  And  thence  the  time  of  ac- 
quiring that  velocity  in  free  fpace.  And  ABNK 
(ABnk)  being  given  there  is  given  AK,  and  AP 
f  A/>)  and  ATD  (A/D).  Then  ADC  :  ADT 
( AD/)  :  :  time  of  acquiring  that  greateft  velocity 
in  free  fpace  :  time  fought. 

[  Pr.  10.  equal  among  themfelves]  and  very  fmall. 
D  [ib. 


So  A    COMMENT     ow 

Fie.      ru        Mix  Wl  ,     r    -\       *> 

o       [ib.  or as  appears  by  umilar  A  s,  pro. 

duced  by  letting  fall  a  -J-  from  N  on  HI. 

If  the  velocity  in  GH  be  greater  than  the  velo- 
city in  HI,  the  decrement  is  —  — ,  and  ari- 

7  T  /, 

fes  from  the  refinance  and  gravity  together  (be- 
caufe  gravity  draws  the  body  from  the  tangent  in- 
xto  the  arch  HI)  -■>  and  if  gravity  act  not,  thast  de- 
crement would  be  greater  (for  gravity  accelerates 

2  M I  v'  N I 

the  motion),  by  ~- :  therefore  the  deer©- 

;       /xKl 

ment,  by  the  refinance  alone  is  — — -j- 

T  t 

2MIxNl 

/X  NI 

[ib.  will  be  NI ;]  for  Q  being  a  given  (ratio  or) 
quantity  •,  Qo  will  always  reprelent  MN,  whatever 
the  magnitude  of  o  be. 

And  the  ordinate  Dl  =  CH  —  MI.  Alfo  the 
value  of  Ml  in  the  ordinate  EK  is  (becaufe  o  be- 
comes 2.0-,  and  fubfekuting  2  x  #-»  for  0,)  2Q2  4- 
4  Ro2-  +  8Ro>  +  &c.  and  therefore  EK~  CH  — 
2Q5  —  4R<?i  ■ —  8Sfl?  — &c.  Alio  in  the  ordinate 
BG,-when  0  becomes  —  <?,  the  value  of  MI  (by 
fubitkuting  —  0  for  0)  will  be  —  Qo  4-  lloz  — 
■9o*  -f  &c.  And  BG  =  CH  —  MI  (as  before,}  = 
p  4-  Qo  —  Roz  4-  So*  — -  &c. 

fib.  or  ~      y   °    I  for   (becaufe  0   is  infinitely 
L  R.J-  y 

fmall)  R,  R  4-  |S<?,  R  4-  3S0,  are  both  arithme- 
tical and  geometrical  proportionals. 
,     fib.   by   fubftkutsng  the   values  —  ]    becomes 

TIM  x  7^+^-^^rr^^rm 
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. —  _rz:  _L.  - — — 7^5 ZZ  (neg- 

Vi  +  QC^ 

letting  the  fuperfluous  powers  of  o,  or  the  quanti- 
ties infinitely  lefs  than  the  other*)  Ok/i  +  QQ  — 
QR^  gS^    y — — 


Vi  +  Q^Q         v^i+QQ      '   2R 

nvTj  HI4 

[ib.  latus  redlum  __  1  or  =z  (neglecting 

the  fuperfiuous  powers  of  o)  00     l  ~*~  ^^     zz 

Roo 

*+9£L 

R 

fib.  p.  33,  that  a  body  by  afcending  from  P]  of 
any  other  point  of  the  quadrant  PF,  in  the  direc- 
tion of  the  arch  of  that  quadrant. 

[ib.  Ex.  3.  the  fecond  term  ~  0— o\  or  ra* 

n  act 

ther  —  0  —  —  0  zz  Qo  -,  but  the  fquare  is  the 
a  1  n 

fame  either  way. 

[ib.  Ex.  4.  for  Qo]    *£L,  0  -  £0  zz  Qo. 

[ib.  Sch.  And  therefore  if  a  curve]  for  the  quan- 

S  HTI*-1 

tity  j^4_„  —  — :         is  as  the  denfity,  and  if  that 

2  w 

be  given  the  denfity  is  given. 

[ib.  than  theie  hyperbola's  here  defcribed.j  For 
let  the  2  mediums  be  of  the  fame  denfity  in  the 
vertex  of  the  curves  •,  then  if  the  bodies  be  pro- 
jected from  A  ;  the  uniform  medium  being  more 
denfe,  and  the  other  ltTs  denfe  at  A,  the  body  mov- 
ing in  the  uniform  medium  will  be  more  impeded* 
D  2  and 
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Fig.  and  confequently  will  defcend  the  more,  than  that 
defcribing  the  hyperbola,  which  is  lefs  refilled,  and 
which  therefore  moves  nearer  a  ftreight  line.  There- 
fore the  body  moving  in  the  uniform  medium  is 
more  diftant  from  the  ailymptotes  in  the  vertex  of 
the  figure  than  the  other  body.  But  if  the  den- 
fi  ties  of  the  mediums  were  fuppofed  equal  in  A  j, 
then  (by  the  fame  way  of  reafoning),  the  body  in- 
the  uniform  medium  would  be  nearer  the  alTymp- 
totes  m  the  vertex.  And  generally  fpeaking,  thefe 
curves  cannot  therefore  differ  very  far. 

[ib.  will  touch  the  hyperbola  in  G,]  for  fuppofe 
the  tangent  TG  tointerfeft  MX.  Then  (by  flux- 
ions) the  diftance  between  that  point  of  interfecfion 

and  V,  is  -  X±,     Then  by  fim.  &%  —  :  VG 

n  •  n 

: :  VX  :  TX  —  VG  =  «VG.     But  YY  =  nVG. 
Therefore  TX  =  GY. 

[ib.  and  the  velocity]  for  the  velocity  (when  the 
gravity  is  given)  is  as  the  ordinate  of  the  parabola, 
that  is  (the  abfcirla  being  given,  by  the  gravity)  as 
the  v/latus  rectum. 

[ib.  Rule  i.]  For  the  velocities  are  as  the  y/'s 
of  the  latus  rectum  of  two  parabola's,  that  is,  as 

/2XY2  '       .  /2AH*  fiAh* 

V  — — ^'^  tbat  1S'  as  V  "~u~  to  V   "AT 
which  (by  fuppofitiony  are  in  a  ratio  of  equality, 

and  therefore  —   =  — .     Alfo  Once  the  denfi- 
Al  hi 

ties  are  equal ;  -  \    will  be  given,  that  is  .,  T   " 

_  nj^     whence  AH  =  Aht     Whence  AH, 

$Ah 
AI,  remain  the  fume  •,  and  HX,  which  is  compo- 
fed  of  AI  and  the  fubtangent  to  the  axis  XH,  is 
the  fame  alfo. 

[Rule 
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[Rule  2.]     For  velocity  oz    f^L  OC  (becaufe1^ 

AH  is  given)  y^L-. 

[Rule  3.  and  therefore  AH]  for  let  b  be  the  ra- 


*•      +u       A£ 
tio,  then rz 

A; 

*£V9.     Anc 
AI 

t  AH? 
AI 

_  A£x 
A/' 

l  AH 
AI 

X  Ah.    Whence  Ah  zz 

AH 
b  ' 

Alfo^ 
Ai 

— 

AH_ 

bAi 

;     AH 

*xaT 

Whence  A/  ; 

.  AI 

»   bb' 

[Rule  4.  a  little  greater]  fmce  AH  decreafes 
f after  than  GT,  therefore  the  fum  of  all  or  every 
AH  +  GT  is  lefifer  than  the  iirft  AH  +  GT  X 
number  of  them.  And  therefore  the  fum  of  all 
the  denfities  (being  reciprocal  thereto)  is  greater 
than  the  fum  of  as  many  denfities  in  A  and 
G.  But  the  mean  denfity,  is  zz  fum  of  all 
the  denfities  ;-  by  the  number  of  them,  and 
therefore  is  fomething  greater  than  the  |  fum 
of  the  denfities  in  A  and  G.  But  half  fum  den- 
sities :  denfity  in  A  :  :  it •,  GT.    There- 

2 

fore  mean  denfity  :  denfity  in  A  ::  is  in  oratio  a 
little  greater  than  ^X  AH  +  GT  :  GT. 

[ib.  Rule  5.]  for  HX  zz  AI  -j-  fubtangent  zz 
AT  +•  «AI.     XN  being  the  axis. 

fib.  Rule  6,  by  how  much"!  for  the  variation  of 
■curvature  in  one  of  thefe  hyperbola's5  where  n  is 
great,  is  lead  in  the  part  AG,  and  {o  it  is  in  the  - 
-curve  of  projection,  where  the  velocity  is  greateft; 
io  they  agree  in  that  part.  But  they  differ  more  in 
the  part  GK,  where  the  projectile  approaches  to  a 
uniform  motion. 

[ib.  Rule  ?.]  AH  to  2AI,  ought  to  be  3AH 
to  4AI.  (But  the  original  is  AH  to  2AI.) 

D  3  (ib. 
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Fig.      fib-  Rule  8.  whofe  conjugate]    hyperbola   fhall 
pafs  thro*  the  point  C. 

[ib.  what  has  been  faid]  for  by  fuppofing  the  in- 
dex n  to  be  negative,  VG  (which  before  was  as 
VX— ■  j  will  then  be  as  VX%  and  the  curve  AG 
will  be  a  parabola,  and  what  was  demonftrated  ge- 
nerally of  the  hyperbola,  will  hold  true  (for  any 
index,  and  therefore)  for  the  parabola  •,  and  all 
things  will  follow  as  before  fubftituting  — n  for  n. 
38.  But  the  computation  maybe  made  for  the  para- 
bola, as  for  the  other  ;  thus,  let  VG  —  ££XV«  ±2 
XO.  Then  the  fubtangent  ZT  =  «VG.  And  let 
XC  —  *z,  ng  —  ey  cC  zz  0,     Then  VG  —  a+0n  = 

an  _}_  naa—t  0  +  n  x  n       *  an—z  00  +  n  X  "     *  x 
2  2 

nHl an~i  o'zzP  —  Qo—Roo-*-  So*.     Whence 
3 

Q  =  —  nan~K     R  =  —  n  X  2Hi  an-2.  S  =  —  n 

2 

X^Zlx  ^L  X  an-K     Therefore   the  denfity 
2              3 

~  .  /  S  X  »— 2 

in  G  is  as  ( r=     1 


Fv/i+QQ^    '   }  3ay/l+»l*r 


1  1 

that  is,  as     .  a    -,  or  as       --  — - — ,  that  is 

reciprocally  as  v/XC1  -f-  TZ\  And  the  fame  may 
be  found  by  fluxions,  putting  Q,  K,  S,  for  the  lit, 
2u,  3d,  fluxion  of  VG  or  XC". 

SECT.      III. 

(Pr.  12,  and  inverfiy  as  the  velocity  j  for  the 
time,  of  defcribing  a  given  fpace,  is  reciprocally 
as  the  velocity. 

j  Pr.  13.  cafe  1,  2,  3,  the  decrement  or  incre- 
ment PQJ  in  a  given  ti me. 

lib. 
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[ib.  cor.  and  triangle  do.  i  therefore  ex  equo,  &c.Fig. 

[ib.  <ch.~)  For  draw  the  indefinite  line  SAP,  39. 
and  make  BD  per  p.  and  equal  to  BA  ;  and  draw 
DF,  AF  parallel  to  BA,  BD.  Let  AP  be  the 
velocity,  AP2  ■+■  2BAP  the  refiftance,  ABa 
the  force  of  gravity.  Draw  DTP,  cutting  FA  in 
T,  and  the  time  of  the  whole  afcent  will  be  as  the 
triangle  DTA. 

For  draw  DVQ  cutting  off  PQ  the  moment  of 
velocity,  and  DTV  the  moment  of  the  triangle  ; 
then  the  decrement  of  the  velocity  PQ  will  be  as 
the  refinance  and  gravity,  AP1  -f  2BAP  +  AB2 ; 
that  is  as  BP\  But  the  area  DTV  is  to  the  area 
DPQ,  as  DP  to  DP*,  or  as  DF2  to  BP2;  there- 
fore iince  the  area  DPQ  is  as  BP2,  the  area  DTV* 
will  be  as  the  given  quantity  DF2.  Therefore  the 
area  AD  F  decreafes  uniformly  as  the  time,  by  the 
fubduction  of  given  particles  DTV  ;  and  therefore 
is  proportional  to  the  whole  time  of  afcent. 

•|'Pr.  14.  From  the  area  DFT]  This  mould  be; 
from  the  moment  KLON,  fubducr.  DTV  or  m  x  BD 
the  moment  of  DET;  and  is  only  a  falfe  tranfiation. 

I  ib.  cor.  or  as  V2  ;]  for  the  fpace  is  OC  n  of  the 
time,  .that  is,  OC  the  fquare  of  DET  or  of  BD  X 

M  CC  (becaufe  M  ~   ^JLX   V  \  fquare  of 

BD  x  DgjlX,  that  is  (becaufe  BD,  DE,  DA  are 
DA 

given)  as  V2,  or  as  BPxV\ 
0        ;  AB 

fib.  Sch.  inftead  of  the  uniform  refiftance  made 
to  an  afcending  -body  ,]  this  differs  from  gravity, 
only  in  this;  that  it  cannot  generate  any  motion  ; 
but  it  acls  after  the  fame  manner  in  all  moving  bo- 
die^  in  deitroying  their  motion,  as  gravity  does  in 
deftroying  the  motion  of  afcending  bodies  Gra- 
vity acts  uniformly  in  a  given  direction.  The  force 
D  4  arifing 
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Fig.  arifing  from  tenacity  acts  uniformly,  but  always  in 
a  direction  contrary  to  the  motion  of  the  body.  And 
therefore  wnen  the  body  is  at  reft,  it  can  induce 
no  change  in  it  Nov/  in  the  horizontal  motion  of 
a  body  in  a  fluid,  which  is  refilled  in  part  uniform- 
ly, one  may  fubftitute  the  force  ct  gravity  for  that 
uniform  refiftance,  as  in  Pr.  8,  9;  13,  14  r  nd 
in  the  afcent  or  defcent  of  the  body  in  a  fluid,  in- 
Head  of  the  force  of  gravity,  one  may  fubftitute 
the  fum  or  difference  of  that  uniform  force  and 
the  force  of  gravity,  as  in  thefe  proportions. 

SECT.      IV. 

In  Prop  15. 
[And  the  decrements  of  thefe  arcs  arifing  from 
the  refiftance,  will  be  as  the  fquares  of  the  times 
in  which  they  are  generated  {\  ior  fince  the  arcs  are 
infinitely  fmall,  the  refiftance  affects  the  fame  as  an 
uniform  centripetal  force  would  do 
,0  [ib.  The  decrement  of  the  arch  PQ^will  be] 
for  let  q,  t  be  the  points  it  would  arrive  at,  in  the 
fame  times,  in  free  fpace,  then  Pq  zz  qt9 

and  PQ  =1  Qr,  therefore 
Q^  z=  qt  — -  Qr ;  and  adding  Q^,  zQq  —  Q/  — 
Qr=/r;  and  Q^  —  ~ir :  but  Q^  —  ^R/  ;  there- 
fore t'r  =  ~R/  —  Rr,  and  Qq  =  ~Rk 

The  fame  demonftration  of   this    Prop,   holds 
good,  as  well  in  afcending  as  in  defcending  motion.  ' 
41-       [Cor.  1.  The  velocity,  &c]  for  fuppofing  ?Q^ 
an  arch  of  a  circle  whole  center  is  f\   then  if  PQ^ 
or  PT  be  as  the  velocity  in  both  curves,  TQ  will 
be  as  the  centripetal  force  in   both,    but  in  both 

curves  TO  =  ^Q    -,  therefore  ?f—  rad.  of  the 

•        2tJ/ 
circle  ddcribed  with  the  fame  velocity. 

[Corf 


Fig.  34 


35       .  ju 


Pmifjpias 
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[Cor.  4.  the  body  will  defcend,  &c]  for  by  cor.  Fig. 
1.  the  velocity  in  P  in  a  refitting  medium  is  zz  ve- 
locity in  a  circle  at  diftance  SP  in  free  fpace;  but 
velocity  at  diftance  SP  in  free  fpace  :  to  velocity  at 
dill.  4-SP  in  free  fpace  (by  cor.  6.  Prop.  4.  B.  I.) 

or  Prop.  34.  :  :  as  j^p  :  t0  J  r|p: :  that  is>  •* 

;  v/2  •,  therefore,  &c. 

[Cor.  7,  or  as  -JAS  to  AB]  (for  this  fee  my  Geo- 
metrical Proportion,  prop.  24.) 

In  Prop.  16. 
[And  the  refiftance,  &c]  inftead  of  this  propor- 
tion in  prop.  15,  viz.  PQj  QR  : :  SQ  :  \/bPxSQ, 

fubftitute  this  PQj  QR  :  :  (SQJ  :  SPr  :  :)  SQj 

SQ  +  —  SP  —  -  SQ,  (by  prop.  24,  of  my  Geo- 

2  2 

met.  Proportion)  that  is,  as  the  defcribing  veloci- 
ties, &c. 

[Cor.  1.]  For  the  refiftance  :  centripetal  force  : : 

2SQ^  Sp 

T^Tn  VQj  PQ  : :  T^n  OS  :  OP. 

SECT.    V. 

In  Prop.  19. 

[Cafe  3,  different  fpherical  parts  have  equal  pref- 
fures,]  that  is,  different  fpherical  parts  of  equal 
magnitude. 

In  Prop.  20. 

[And  by  a  like  reafoning,  &c]  Suppofmg  the 
thicknefs  of  the  orbs  to  be  reciprocally  as  the  force 
of  gravity  or  the  denfity  of  the  fluid,  or  in  the 
complicate  ratio  of  them ;   and  it  will  appear  (as 

before) 
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Fig.  before)  that  the  bottom  is  prefTcd  with  a  cylinder, 
of  the  lame  iiuid  ;  whofc  bafe  is  zz  the  bottom, 
and  height  that  of  the  fluid,  by  the  fame  reafon- 
ing  as  before,  and  prop.  19. 

In  Schol    Pr.  22. 

[By  a  like  reasoning,  &c]  I  et  the  force  of  gra- 
vity be  reciprocally  as  the  »th  power  of  the  dif- 
tance.     The  fpecific  gravities  at  A,  B,  C,  &c.  will 

„AH      BI       CK     .  ,     ,      ,     r  . 

OC  ,    — -,  — -,  &c.  and  the  denfities  OC 

SAfl      SB"      SC„ 

r            r    ,            rr          r^-    AH  x  AB     EI    X    BC 
fums  of  the  preffures  OC  ~ ,  11 , 

r  SA"  SB" 

£]1^P,  &c  oc -^iL,  -SL.J2L;  &* 

SC"  iA'-1      SB"-*    SO'-' 

And  tu7  uw,  &c.  OC  differences  of  the  denfities  OC 

,  &c.     And  tu  x  tby  uzv  x  «i  OC 


SA"-1     SB"-1 
AKx^     BIx«* 


oc  ^_,   _1_,  a 


bA"-1         SB"-1       SA"-<     S6"-'        SA"-1 

1     .   I — - — ,  &c.  and  therefore  univer- 

SB"-1    SB"-1       SO'-1 

fallv       l       —  ^C     hyperbolic   area  thrny. 

3  SA"-1         SK"-1 

w       ,       .c    SA"        SA"       SA"  1 

Therefore  it 


.,   .,  ,  or — 

SA"-1     SJB«~>    SC8-*         SA 


2 — ,  be   —    ;  then 


SB"-1'    S^"-'  *  SA"-1       SE"-' 

1 —  __! ,  and  the  areas  proportional  thereto 


SB"-'       SO-1 

will  be  equal,  viz.  thin  —  itik-zv,  and  therefore  St, 

Su,  So*,  that  is,  AH,  BI,  CK   ~.  ^  E.  D.  then 

putting  ;/  fucceffively  ~  3,  4,  o  —  i,  &c.  the  truth 

of  the  laid  Scholium  will  appear.     And  to  on,  ad 

infinitum. 

[Other 
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[Other  laws  of  condenfation,  &c]  Suppofe  the  Fig. 
compreffing  force    OC   rth  power  of  the  denfity. 
Then  the  fpecific    gravities   in    A,    B,    &c.    OC 

.AH  ,  -51,  &c.    And  the  prcflbrcs  in  A,  B,  &c. 
SA*       $&  r 

SA  SB  SC  SD  'SB 

CK      nf 

—  ^4-  z_,  &x.     Now  if  thefe  fums  were  — ,  their 

SC  r  SD 

a  rr        t»  f 

differences ,    -—  ,  &c.  would  be  in  the  fame 

SA       SB 

AH 

TTj  and  then  the  'prefTures  in  A,  B,  &c.  OC , 

£>A  - 

~,  &c.  OC  denfitiesr  CC  AHr,  Blr,  &c.  And 
SB 

therefore  AH'-',  BI'-'  OC   _L,  JL.  And  AH, 

SA'    SB 

BI  OC  sXIl  '  sFU*    Then  PuttinB  r  =  "  >  ~ . 

r — i  r — i  *  $ 

2,  &c.  all  things  will  appear  as  in  this  Schol.   But 

now  the  aforefaid  fums  are  not  in  geometrical  pro- 

greffion,  becaufe  it  is  plain  their  differences  are  not, 

.      AH      BI    fi       ,     .,  AH      B(     .       ..■        , 

viz. ,  — ,  &c.  for  if  ,  ,  &c.  — ,  and 

SA       SB  SA      SB 

feeing  SA,  SB  &c.  are -jf,  therefore  (by  Prop,  18. 
cor,  2.  of  my  Geom.  Proportion)  AH,  BI,  &c. 
would  be  — -  which  is  falfe  (except  in  the  cafe  of 
Prop,  21.)  therefore  neither  thefe  differences,  nor 
fums  are  — .  And  confequently  the  conclufions  of 
this  Schol.  in  this  refpect  are  not  true.  And  there- 
fore it  muit  be  prefumed,  that  the  Author  meant 
them  only  to  be  nearly,  and  not  perfectly  true. 


Is 
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Fig- 
In  Schol.  Pr.  23. 

[All  thefe  things  are,  &c]  It  feems  to  me  that 
the  prop,  holds  true,  tho'  the  centrifugal  force  be 
extended  to  all  diftances,  in  any  given  law,  as  well 
as  when  it  ends  at  the  next  particle  in  the  fame 
given  law.  For  fuppofing  the  particles  of  the  fluid 
to  be  placed  in  parallel  planes,  and  that  thefe  planes 
act  on  each  other  ;  the  force  of  compreffion  on  any 
one  plane  will  be  made  up  of  the  feveral  forces, 
of  all  the  other  equidiftant  parallel  planes.  There- 
fore fince  the  diftances  of  all  thefe  planes  before 
compreffion  are  refpectively  proportional  to  their 
•diftances  after  compreffion  from  this  given  plane  ; 
their  actions  on  the  given  plane  before  and  after 
compreffion  will  alfo  be  proportional,  (feeing  their 
aclions  or  forces  are  as  fome  power  of  the  dif- 
tances) -,  and  their  fums  will  be  alfo  proportional 
to  thofe  of  any  two  correfponding  planes,  viz.  as 
the  neareft  to  the  neareft.  In  thele  fort  of  par- 
ticles there  will  be  required  a  greater  force  to  pro- 
duce an  equal  condenfation  of  an  equal  quantity 
of  the  fluid.  But  the  denfity  will  be  proportional 
to  the  compreffion,  as  before. 

SECT      VI. 

In  Prop.  24. 

Cor.  5. for  let  m,  M  rr  quantities  of  mat- 
ter, w,  W  —  weights,  /,  T  zz  times,  for  the 
common  pendulum  /.  Alfo  L  =  new  pendulum. 
T    tz    new  time,    for   M,    and  W.       Then  m  : 

: :  wit  :  WTT  (by  the  Prop.) ::  —  :(—  zz) 
__i —     And  if  m>  M  -,  t,  T,  are  equal ;  w  a  /,. 

la 


M 
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Fi°". 
In  Prop.  27.  ° 

[If  the  refiftance  in  the  arc  B,  &c]  If  the  re- 
finance in  the  arc  A  were  to  the  refinance  in  the 
arc  B  as  AA  to  AB,  the  times  would  be  equal* 
and  therefore  refiftance  AA  in  the  arc  A  caufes 
the  excefs  of  time  above  that  in  a  non-refifting 
medium  ♦,  and  refiftance  AB  in  the  arc  B  caufes  the 
excefs  of  time  in  B  above  that  in  a  non-refifting 
medium,  equal  to  the  former  excefs,  (becaufe  with 
thefe  refiftances)  they  are  defcnbed  in  equal  time. 
But  now  if  B  be  defcribed  with  a  refiftance  BB  ; 
the  excefs  of  time  will  be  caus'd  by  that  reliilance. 

[But  thofe  exceffes,  &c]  Nov/  the  exceffes  of 
time  caufed  by  defcribing  B  with  the  refiftances 
AB,  BB  reflectively,  are  as  the  fpaces  left  un- 
defcribed  after  the  given  time;  that  is,  as  the  re- 
fiftances AB,  BB  nearly,  or  as  A  to  B,  viz.  as  the 
arches  A,  B.  And  fmce  the  excefs  of  time  by 
defcribing  A  with  refiftance  AA  z=  excefs  of  time 
by  defcribing  B  with  refiftance  AB.  Therefore  it 
follows,  that  excefs  of  time  in  A  :  to  excefs  of  time 
in  B  :  :  as  A  :  to  B  nearly. 

In  Prop.  29. 

[Area  PIEQ^  may  be  to  the  hyperbolic  area 
PITS  :  :  as  BC  to  Qa  •,  and  that  the  area  IEF  may 
be  to  the  area  ILT  as  OQ^to  OS.] 

That  this  is  poffible  (affuming  P  at  pleafure) 
may  be  thus  fhewn.  Let  the  areas  PI-EQ,  PITS 
be  taken  (as  BC  to  Co)  indefinitely  fmall,  then 
PIEQjnuft  be  greater  or  at  leaft  equal  to  PITS  •* 
fuppofe  them  equal,  then  will  PIFQj>  P1LS, 
and  IF  z>  IL  (and  more  fo,  if  PIEQ^  PITS),  bur 
when  S5  P,  Q  coincide  OS  to  OQ  is  a  ratio  of  e- 
quaiity,  therefore  in  this  cafe  IFE  to  ILT  (or  W 
to  IL)  :>  QQjo  OS  for  however  not  lefs),  increafe 
the  areas  PIEQ  and  PITS,  in  the  fame  ratio,  and 

the 
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Fig.  the  ratio  of  OQ  to  OS  will  alfb  increafe  and  con- 
verge at  length  to  the  ratio  of  1EF  to  ILT  ;  which 
fhews  the  poffibility  of  what  was  required  ;  (but  as 
to  an  actual  folution  I  (hall  refer  it  to  an  algebraic 
procefs.)  This  being  done  as  required  ;  then,  the 
points  O,  S,  P,  Qjire  all  fixt,  and  the  point  R  only 
variable. 

[And   the  increment,  &c]  for,  the  fluxion  of 

—  OR  —  IGH  to  the  fluxion  of  —  P1GR :  :  as 

IH  —  HG  to  —  RG  :  :  or  as  HG  —  5EF  to  RG. 
OQ  OCL 

IFF 

Or  rather  thus,  the  increment  of  OR — IGH, 

OQ 

is  as  -Jjl  —  HG  x  —  Rr  =  HG  X  Rr  —  ^  X 

Rr.  And  the  increment  of  PTGR  is  as  RG  X — 
~Rr-,  and  therefore  the  decrement  (becaufe  the  de- 
crement is  a  negative  increment,)  of  PIGR,  is  as 
RGxRr. 

In  cor.  to  Pr.  30. 

[Now  if  the  refiftance  DK  be  in  the  duplicate, 
&c]  for  the  velocities  being  as  the  ordinates  of  a 
circle  or  ellipfis  defcribed  on  aB  -,  the  refiftances 
(being  as  the  fquares  of  thefe  velocities')  are  as  the 
iquares  of  thefe  ordinates,  that  is,  as  the  rectangles 
of  the  abfeifla's.  Therefore  the  refiftances  DK, 
OV  are  refpectively  as  *zDB,  i>OB  zz)  OB\  But 
this  is  the  property  of  the  parabola  aVB  defcribed 
to  the  axis  VO,  by  cor.  2.  top.  4.  of  the  parabola. 

Gen.  Sch.  Pr.  31,  pa.  96. 
[But  in  lefler  ofcillations  fomewhat  greater,  &c] 
that  is,  the  difference  in  the  lefTer  arc  to  the  differ- 
ence in  the  greater  arc,  is   in  a  greater  ratio  than 
the  fquares  of  thefe  lefler  and  greater  arcs. 

[pa- 
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[pa.  97.]  for  4-  the  cords  of  thefe  arcs,  read  the  Fig. 
cords  of  thofe  half  arcs. 

rib.  p.  98.  As-Z_AV+—  bv3  +  J-  CV\] 
L       *  1 1  10  4 

Thefe  three  members  are  taken  to  denote  three  laws 
of  refiftance,  viz.  the  firft  in  the  fimple  ratio  of  the 
velocity,  the  third  in  the  duplicate  ratio  thereof, 
and  the  lecond  partly  in  the  iimple  partly  in  the 
duplicate  ratio  (or  in  a  mean  between  them); 
and  -^  the  coefficient  thereof  is  a  middle  one  be- 
tween 4-c  and  %- 

[As  0,041748  to  121]  it  mould  be  as  0,041778 
to  121. 

[pa.  99.  It  is  manifeft  that  the  force,  &c]  for 
the  forces  of  refiftance  and  gravity  are  as  their  ef- 
fects, to  wit,  as  the  velocity  loft  (by  refiftance) 
and  velocity  gained  (by  gravity;  in  the  fame  time, 
as  1  to  3j6~o' 

[I  alfo  counted 1  leave  the  calculation,  &c] 

the  calculation  after  the  preceding  manner  will  be 
as  follows. 

Mean  ofcillations  —  3l     7       H     28     56     112 

diff.  between  iftdef.  and laftaf.      |      1        2       4       8      16 

diff.  ofarcsdefcribedin  thede-X  J L.    JL  1L  _?4    J&__ 

fcent  and  fubfeqaent  afcent.  J748  272   335   250  125    68 

Alfo  thefe  in  the  greater  arches  are  nearly  in  the 
duplicate  ratio  of  the  velocities,  but  in  the  leffer 
arches  fomewhat  greater,  (thefe  arcs  are  in  the  laft 
feries  of  the  table). 

Let  V  rz  velocity  in  2d,  4th,  and  6th  cafe  ~ 
1,4,  16  refpeclively.  And  the  difference  of  the  arcs 
will  be,  in  the 

2d   Cafe  zT^  =  A  +  B  +  C 
4th  Cafe  =  ,VV  =  At  ~  4  A  -f  8B  -f '  16C 
6th  Cafe  ~  ♦»  z=  -  -  1 6A  -b  64B-f  256C.    . 
whence     A    zz    ,00050985      B    zz     ,0005882  ^ 
C  —  ,0025784,      Therefore  the  difference  of  the 

arcs 
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Fig.  arcs  is  as  ,0005098V-!-, 0005882V!- -f  ,0025784V2. 
And  confequently  the  refinance  of  the  globe  in  the 
middle  of  the  arc,    will  be  to  its  weight  (by  cor. 
pr.    30.J    as   ,00032442V    -{-    ,00041 174V4   + 
,0019338V1,    to    121.     Therefore    the  refiftance 
will  be  to  the  weight,  in  cafe  2d,  4th,  and  6th,  as 
,00267  to   121  %  ,0355324  to  121  i  ,5265949  to 
121,  refpectively. 
Note,  you  may  take  any  other  numbers  (that 
are  in  the  fame  proportion  with  thefe  above) 
for  V  •,  for  example  I  took  ^,  1 ,  and  4  zz  V, 
in  the  2d,  4th  and  6th  cafes,  and  A  will  be 
rz  ,002039  •,  B  zz  ,004706;  C  zz  ,041255  ; 
and  the  refiftance  to  the  weight   (at  the  laft) 
comes  out  the  fame  as  before. 
In  the  6th  cafe  the  point  marked  in  the  thread 
defcribed  an  arc  of  1 1  2 — 44  inches  zz  1 1 1^  ;  there- 
fore  the   center    of-  the   globe    defcribes  an  arc 
zz:  115  44t  =    i15t  nearly  j  and  its  velocity  is 
(nearly,)  the  fame  as  in    defcending  an  arc  5744  of 
a  cycloid  (whole  femi-arc  is  126 J  or   zz  velocity 
acquired  by  failing  perpendicularly  thro'  the  verfed 
fine  (or  abfciffaj  of  that  arc  57^  but  this  verfed 
line  is  zz  13,224,     Therefore  the  velocity  of   the 
pendulum  is  zz  velocity  acquired  by  falling  per- 
pendicularly 13,324  inches.     And  with  this  velo- 
city, the  globe   meets  with  a  refiftance  which  is 
to  its  weight  as  ,52659  to   121,  or  (taking  that 
part  only  of  the  refiftance  which  is  as  the  fquare  of 
the  velocity,)  as  ,49505  to  121. 

Alfo  if  a  globe  of  water  of  equal  magnitude 
moves  with  the  fame  velocity,  its  refiftance  will 
be  to  its  weight  as  ,49505  to  213,4;  or  as  1  to 
43  i-1-.  Whence,  in  the  time  in  which  the  globe 
uniformly  defcribes  26,648  inches,  the  weight  of 
the  globe  of  water  will  generate  all  that  velocity  in 
the  falling  globe  j  therefore  the  velocity  deftroved 

by 
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by  refiftance,  will  be  to  that  acquired  by  gravity  Fig; 
fin  the  fame  time),  as  i  to  43i-rV>  or  velocity  loft 

=  . — —  of  the  whole  velocity.    And  therefore 

43itt 
in  the  time  it  would  uniformly  defcribe  its  femidi- 
ameter,  with  the  fame  velocity,  it  would  lofe  the 

i I -  part  of  its  motion.   . 

3341-7 

[pa.  101,2,  after  five  ofcillations]  this  certainly 
mould  be  after  jo  ofcillations,  as  appears  by  the 
procefs  of  the  calculation. 

[pa.  102.    So  that  the  difference  0*4475,  &c.j 

for 'the  motion  loft  is  OC  the  refiftance,  and  that 

OC  the  fquare  of  the  velocity  and  fquare  of  the 

time  nearly,  which  in  this  cafe  is  a  conftant  product. 

[pa.  103,1.  6.]  Here  is  a  fmall  error,  viz,  96i6y$ 
inftead  of  ,6 1 705  ;  whence  45,453  would  have  beeri 
45,43  ;  and  the  refinances  as  7,002  to  1 ;  but  this 
is  not  material. 

[pa.  104.  becaufe  the  refiftance,  &c]  for  the  re- 
fiftance OC  fquare  of  the  time  X  fquare  of  the  ve- 
locity, which  producl;  is  invariable,  becaufe  equal 
arches  are  always  defcribed. 

SECT,    VII. 

[Pr.  32.  ratio  of  denfity")  he  means  any  giveri 
ratio  of  denfity,  which  are  proportional  to  the  par- 
ticles* 

[Pr.  32.  Proportional  times]  any  times*  in  ttiat 
1  conftant  ratio,  that  is,  let  them  move  among  one 
.another,  in  fimilar  directions,  with  velocities  which 
are  as  the  particles. 

[Pr.  32.  cor.  2.  fpaces  proportional  to  their  dia- 
meters] in  thefe  proportional  times. 

[Pr.  33.  cor.  2.  for  if  the  forces,  &c]  for  the 

rfefiftance  arifes  from  the  centrifugal  forces,  and 

ffrom  the  collifions,    of  the  particles*     The  re- 

fiftances  of  the  firft  fort  are  as  the  motive  forces* 

E  that 
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Fig.  that  is,  as  the  accelerative  forces  and  quantity  of 
matter,  that  is,  (by  fuppofition)  as  the  fquares  of  the 
velocities  and  quantities  of  matter,  that  is,  (becaufe 
the  quantities  of  matter  are  given,  the  fluid  being 
the  fame)  as  the  fquares  of  the  velocities. 

The  refinances  of  the  fecond  fort  are  as  the 
number  of  reflexions,  and  their  forces  ;  that  is, 
(as  is  proved  in  the  Prop.)  as  the  fquares  of  the  ve- 
locities, fquares  of  the  diameters,  and  denfities  of  the 
parts,  that  is  (becaufe  the  diameters  and  denfities  are 
given)  as  the  fquares  of  the  velocities,  accurately. 
[As  alfo  the  bodies  E  and  G  -,]  let  E  and  G  be 
vaftly  fwifter  than  D  and  F. 

[Pr.  34.  but  the  former  of,  &c]  for  bH  X  CB  rz 
(BE2  :=)  0£N,  which  is  the  property  of  the  parabola. 
[Pr.   34.  Schol.  lei's   refilled   than   the  former 
folid-,]  for,  if  FG  and  IH  be  produced  till  they 
interfecl,  they  will  form  a  right  angle  •,  and  there- 
fore the  fruflum  FGBHI  will  be  lefs  refilled  than 
if  the  lines  mould  interfecl:  in  an  obtufe  angle,  (as 
is  fhewn  in  the  cone  ;)  which  they  would  do  if  the 
lines  fell  within  FG  and  IH;  and  for  the  fame 
*    reafon  the  refiftance  would  be  greater  in  the  curve 
itfelf,    becaufe   the   lineolse   which   conftitute  it, 
will,  when  produced,  interfecl  one  another  at  ob- 
tufe angles.  What  is  mentioned  befides  in  this  Schol. 
is  demonftrated  in  the  appendix. 

[Pr.  35.  it  follows,  that  the  cylinder,  &c]  for 
mot.  cylinder  :  mot.  medium  :  :  cylinder's  magni- 
tude x  denfity  X  velocity  :  (medium's  mag.  x  denf. 

X  vel.  —  )  cylinder's  — s-J  x  2  vel.  x  medium's 
2 

$enfity  :  :  cylinder's  denfity  :  medium's  denfity. 

[ib.  to  the  force  by  which]  to  the  motive  force  by 
which  its  whole  motion,  &c. 

[Pr. -35.  cor.  2.]  for,  the  refiftance  of  the  globe 
and  the  force  (that  will  quite  take  away- its  motion 
in  the  time  it  moves  two  01*  four  thirds  of  its  di- 
ameter,) 
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ameter,)  are  in  a  given  ratio ;  therefore  increafeFig; 
the  velocity  of  the  globe  in  any  ratio,  and  the  force 
(that  will  utterly  deftroy  all  its  motion  in  a  given 
fpacej  will  be  increafed  in  a  ratio  of  the  velocity 
directly  and  the  time  inverfely,  that  is,  as  the  fquare 
of  the  velocity,  therefore  the  refiftance  of  the  globe 
is  increafed  in  the  duplicate  ratio  of  the  velocity. 

[ib.  cor.  3.]  for  the  fame  reafon,  increafe  the 
diameter  of  the  globe  in  any  ratio,  and  the  motive 
force  (that  will  utterly  deftroy  its  motion)  will  be 
increafed  in  the  triplicate  ratio  of  the  diameter  di- 
rectly, and  the  time  inverfely,  that  is^  in  the  tripli- 
cate ratio  of  the  diameter  directly,  and  the  fimple 
ratio  of  the  diameter  inverfely,  that  is,  as  the  fquare 
of  the  diameter  ;  and  therefore  the  refiftance  of  the 
globe  will  be  encreafed  in  the  duplicate  ratio  of  the 
diameter. 

[Cor.  6.  and  its  refiftance,  &c]  Let  BC  be  the 
refiftance  at  firft,  then  refiftance  at  the  firft  :  refift- 
ance at  the  end  :  :  BO  :  EFa ;  but  AE  :  AB  :  : 
BC  :  EF  :  :  EF  :  BH  ;  therefore  BC2 :  EF2 : :  BC  : 
BH.       .-.    BH  is  the  refiftance  at  the  end. 

[Cor.  7.  As  the  logarithm,  &c]  For  (by  SchoL  4ii 
Prop.  86,  hyperbola,)  it  appears,  that  if  AHzzi. 
AB  ~  T.  BK  =/ :  thenit  will  beCBKF  :EHKF: : 

flog.  T+/  — log.  t  =•)  log.  I±£  :  log.  T  +  t. 


And  EHKF  :  AHED : :  (log.  T+/ :  ,43429448  : :) 
log.  T  +  /  X  2,30258509:  1.  Alfo  AHED: 
CBKG  :  :  HE  :  CB  x  /  ;:T:  t.     Therefore  ex  equd> 

CBKF  :  CBKG  : :  log.  I±f  x  2,30258  X  T  :  / : : 

log.  T±L  x  2,30258509  :  —  • 

[Pr.  36.  cor.  2.]  Forces  are  equal  when  their  ef- 
fects are  equal  in  a  given  time  •,  but  the  efFecl:  of    —* 
the  motion  of  the  effluent  water  (in  the  time  a  bo-       } 

e  2  if   l 
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Fig,  dy  defcends  thro'  GI)  ■=  a  cylinder,  whofe  length 
is  2GJ,  and  bale  the  hole  EF ;  alfo  the  effect  of 
the  gravity  or  weight  cf  a  column  whofe  height  is 
GI,  and  bafe  the  hole  EF  zz  (by  reafon  of  an  ac- 
celerated motion,  and  in  the  fame  time)  a  cylin- 
der whofe  length  is  GI,  and  bafe  the  hole  EF ; 
and  therefore  the  effect  of  the  preffure  of  twice 
that  column  (in  the  fame  time)  zz  a  cylinder, 
whofe  length  is  2GI,  and  bafe  the  hole  EF ;  zz  the 
firll  cylinder,  ergoy  &c. 

[Cor.  3.  or  IH  +  IO  to  2IH.]  for  ih  :  bo  : :  io  : 
og  •,  or  ho  :  og  :  :  ih  :  io.  And  ho  -f-  og  :  2ho  :  :  ib 
-f-  io  \  lib : :  io  -f  ig :  lio : :  O  EF  +  OAB :  2  ©EF. 
[ib.  cor.  10.]  This  cor.  ought  to  be  more  ex- 
actly computed  and  demonftrated,  becaufe  the  fol- 
lowing proportions  depend  thereon, 

[Pr.  37.  pa.  137.  And  is  therefore  nearly  equal, 
&c.J  This  refiftance  zz  weight  of  a  cylinder 
(whofe  bafe  is  that  little  circle  and  altitude  -IG, 
from  which  altitude  the  cylinder  mull  fall,  &c.)  zz 
force  by  which  its  motion  may  be  generated,  &c. 

[Pr.  37.  cor.  1.]  Let  F  zz  force  (mentioned  ia 
the  prop.)  M  zz  medium's  denfity.  C  zz  cylinder's 
denfity.  V  zz  velocity.  D  zz  diameter.  Tzz  time 
(of  defcribing  four  times  its  length ).  R  zz  Refift- 
ance.    Then  R  zz  F  ?iM  (by  the  prop.)  a  C  * 

JL  x  D*  X  -M-  OC  V1  D*  M. 

J.  v* 

[Cor.  2.]  Let  EF  be  given,  and  denfity  of  the 
medium  be  alfo  given.  Then  becaufe  this  refift- 
ance zz  weight  of  a  cylinder  f  whofe  bafe  is  PQ, 

and  height  JIG)  X  -^ — • -=— j  therefore  weight 

hbl  —  -1-PQ* 

FF2    •    *  POx 

of  this  cylinder  zz  refiftance  x £-_^r.  But 

EF1 
the  force  fequifite  to  take  away  the  motion  of  this 

cylinder, 


b. ii.       the   principia;  % 

cylinder,  whilft  it  moves  four  times  its  diameter  Fig. 
OC  weight   of   this   cylinder   x    velocity   X 

, . — - — : — ,— - p   OC  refiftance 

time  of  defcribing  4  times  its  length 

EF*  — tfQ^       EF*  —  PQ*       EP_—  PQ* 
EF1  EF*  EP        * 

And  the  denfity  of  the  cylinder  being  increafed,  the 
force  is  increafed  in  the  fame  ratio. 

[Cor.  3. J  for  fince  ref.  :  force  :  :  EF6  x  denfity 

medium  :  EF1  —  iPQ*  X  EF2  —  PQ»'  x  denfity 

cylinder : :  med  denfity  :  EF^rQ'^gg-PQ* 

7  EF6 

X  cyl.  denfity ;  increafe  the  diftance  it  moves,  in 
any  ratio  •,  and  the  force  (to  deftroy  the  motion) 
will  be  decreafed  in  that  ratio,  as  fuppofe  the  ratio 

of  EFWFQlxffEgg'.  Then  ref. :  force  : : 
EF6 

med.  denfity  :  cylin.  denfity. 

[Sch.  pr.  37.  AE  and  BE  be  2  parabolic  arcs]  43, 
fince  the  refiftance  is  the  fame,  whether  the  fluid 
or  the  cylinder  move,  therefore  the  cafe  of  the 
refiftance  of  the  circle  in  fig.  4.  is  the  fame  cafe  with 
the  refiftance  of  the  circle  AB  in  fig.  6,  confidering 
the  velocities  HG  and  EG,  wherewith  they  are  acted 
on  ♦,  but  (by  cor.  9,  pr.  36.)  the  refiftance  on  PQ 
zz  ~  cylinder  on  PQ  and  height  GH  (thro?  which " 
a  falling  body  acquires  the  velocity,  which  the  fluid 
has  on  PQ),  but  4-  this  cylinder  is  —  a  parabolic 
fpindle  on  PQ^and  height  GH,  nearly.  There- 
fore the  refiftance  on  AB  zz  {-  cylinder  on  AB  and 
height  GE  (  —  GH,)  thro'  which  a  falling  hody 
acquires  the  velocity  with  which  the  cylinder 
moves,}  which  is  equal  to  a  parabolic  fpindle  on 
AB  and  height  GE  =  AEBby  conftruclion,  (fince 
lat.  reel :  (HG  2=  )  GE  :  :  GE  :  AG.)  This  is  the 
lyeryconftruclion  of  fig.  2, 

E  3  Tit. 
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Fig.  [ib.  muft  be  to  this  force  as  2  to  3,  at  leaft,]  fot- 
the  weight  upon  the  little  circle  (in  cor.  7.  p.  36.) 
is  there  {hewn  to  be  equal  to  a  cylinder  of  4.  the. 
height  GH  at  leaft.  But  the  weight  of  a  cylinder 
on  that  circle  and  4-  that  height  is  the  force  where- 
by the  cylinder's  motion  may  be  generated  in  the, 
time  it  moves  4  times  its  length  or  2GH ;  there- 
fore the  refiftance  in  that  cor.  is  to  the  weight  here 
demonfcrated  (ceteris  paribus)  that  is,  tathe  force  : ; 
as  4.  to  4  : :  that  is  as  2  to  2,  at  leaft  -,  and  increafing 
the  denfity,  the  force  is  increafed  in  the  fame  ratio. 

[ib,  let  CF  and  DF.]  It  is  necefifary  to  allow  as 
much  time  for  the  meeting  of  the  particles  of  wa-, 
ter  (at  the  axis  of  the  folid  from  the  fide  thereof)* 
after  they  are  pail  the  folid,  as  for  their  feparation 
before  they  come  to  it.  Now  fuppofe  this  to  be  the  . 
cafe  of  fig.  4.  In  the  time  that  a  particle  pafies 
from  H  to  P,  the  fame  particle  with  the  velocity 
in  P,  will  in  the  fame  time  defcribe  2HG,  and 
therefore  mud  pafs  twice  as  far  to  arrive  to  the 
axis  again.  Whence  in  fig.  6,  the  particle  F  mufl 
be  twice  as  far  ffom  CD,  as  E  from  AB  ;  but  the 
height  of  FCD  zz  2  height  of  AEB,  by  contrac- 
tion. For  let  2,  y  zz  2  ordinates  to  x  zz  4AB ; 
•   and  zz 'zz  qrx  zz  4yy  %  and  z  zz  iy. 

[Cor.  1.  Pr.  38.]  the  demonstration,  is  the  fame 
with  that  of  cor.  \.  pr.  37. 

[Cor,  2.  Pr.  38.]  Let  denfity  of  globe  :  denf.  of 
fluid  :  :  d  :  1.  Then  d  X  4  diameter  of  the  globe 
zz  fpace  fallen,  and  d  x  -J-  diam.  globe  zz  fpace  it 
defcribes  afterwards,  in  the  time  of  its  fall.  Then, 
becaufe  forces  (which  generate  a  given  motion),  are. 
reciprocally  as.  the  (times,  that  is  reciprocally  as  the) 
fpaces  which  any  body  defcribes  with  the  lame  uni- 
form velocity.  Therefore,  the  force  of  the  globe's 
comparative  weight,  ('which  generates  its  motion, 
in  the  time  it  defcribes  d  x  ~  diam.)  :  force  that  I 
generates    the   fame   motions    (while   it   defcribes 

4  diam.) 
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.§-  diam.)  :  :  4-  diam.  :  d  X  -J-  diam.  :  :  1  :  J  :  :  den-  Fig. 
fity  of  the  fluid  :  denfity  of  the  globe.     There- 
fore, &c. 

[Cor.  3.  Pr.  2%.]  The  velocity  being  given,  the 
motion  M  is  alfo  given;  hut  (by  this  Prop.)  refift- 
ance  X  d  zz  force,  which  will  generate  the  motion 
M  (in  the  time  of  moving  -§-  diameter)  •,  but  this 
force  muft  be  —  refiftance,  which  will  quite  take 
away  the  faid  motion  M  (in  the  fame  time  of  mov- 
ing 4-  diameter).  Now  augment  the  time  of  mov- 
ing (preferving  the  velocity)  in  any  ratio,  (let  it 
zz  T.)  And  this  laft  refiftance  (which  will  quite 
take  away  the  faid  motion  M,  in  the  time  T)  will 
be  decreafed  in  the  fame  ratio  ( zz  R).  Therefore 
T  and  R  are  alfo  given.    Therefore  by  cor.  7,  &c. 

[Cor.  4.  Prop.  38.]  for  let  M  zz  •§■  diameter  in 

the  time  T ;  and  becaufe  (by  fup.)  zz  f  M, 

r     T+/ 
therefore  T  zz  t.     Now  (by  cor.  7.  pr.  25-)  it  will 

be(A-)i  ^log.-jti  x  2,  3,  &c.  zz  log.  2  x  2, 

3,  &c.  zz)  ,693  :  :  -§-  diameter  :  5o45    diameters^ 

which  is  lefs  than  two  diameters.  Now  that  M 
ought  to  be  zz  ~  diameter  in  the  time  T  is  plain  ; 
for  it  is  required  (by  cor.  7.  pr.  25-)  that  the  re- 
fiftance R  quite  takes  away  M  in  the  time  T.  But 
(by  this  prop.  38.)  the  refiftance  (zz  force  required) 
will  juft  lake  away  the  motion  M  m  moving  |.  dia- 
meter. But .  if  T  be  any  other  time  than  that  of 
moving  4-  diameter,  then  the  force  to  deftroy  M 
in  that  time  will  not  be  zz  refiftance,  but  greater 
or  ieffer  than  it. 

[Prop.  40.  let  the  globe,  &c]  This  is  calculated 
in  Prob.  XIV.  of  my  book  of  Fluxions.    In  cor.  2. 
q£  that  Prob,   G,  H  and  N  are  found,  and  thence-    . 
E  4.  the 
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**?•  the  velocity  zz  T1  H,  where  H  is  the  greateft 
N  +  1 
velocity  the  globe  can  acquire,  in  falling  in  the 
fluid ;  and  the  heigrit  fallen  comes  out  the  fame 
in  value  with  his,  but  in  other  fymbols  *,  but  the 
pne  may  be  eafily  reduced  to  the  other. 

[ib.  the  numbers  in  the  fourth  column,  &c]  2Fis 
the  fpace  defcribed  in  the  time  G  with  the  greateft 
velocity  H,  (by  the  Prob.)   therefore,  G  :  2F  :  : 

P  :  L_  F  zz  the  fpace  defcribed  in  the  time  P  with 
G 

the  greateft  velocity,  the  numbers  in  the  fourth  co- 
lumn, 

[Sch.  Pr.  40.  and  any  other  globe,  &c]  that  is, 
the  magnitude  of  any  body  OC  the  excefs  of  its 
weight  in  vacuo  above  that  in  water.  Or  132,8  : 
1  :  ;  this  laid,  excefs ;  magnitude  of  the  globe. 
Hence,  Diameter  glpbe  (in  Exp.  1.)  zz  0,84224. 

[ib.  Exp,  1.  but  this  fpace,  by  reafon,  &c.J  to 
dempnftrate  this,  it  is  necefiary  to  premife,  that, 
the  greateft  velocity  wherewith  a  globe  can  defcend 
by  its  comparative  weight  thro'  a  flujd  in  a  canal, 
is  that  which  it  may  acquire  by  falling  with  the  fame 
weight,  without  reliftance,  and  in  its  fall  describing 
a  fpace  which  is  to  -J  diameter  as  mnx-i%  to  /*.  Put- 
ing  denfity  globe  :  denfity  fluid  :  :  d  :  1.  and  /  zz 
orifice  of  the  veffeL  N  zz  /  — ?  great  circle  of  the 
globe,  m  zz  /  —  \  great  circle.  For  (as  in  cor.  2, 
Pr.  38.)  the  fpace  it  afterwards  defcribes  (in  the 

fame  time  of  its  fall)  zz  — -  x  \  diameter  ^  then 

{he  force  of  the  globe's  comparative  weight  (which 

generates   its   motion,    in   the    time  it  defcribes 

ffik  yp 'd 

:__  x  t  diameter) :  force  (that  generates  the  fame 

K    motion  in  the  time  it  defcribes  -*-  diameter)  :  : 


B.  II.         t  h  e    P  R  I  N  C  I  P  I  A.  73 

{^diameter :  !?££  x  |  diameter : :)  >:  mttd  *  there-Fl2- 

fore  (by  Prop.  39.)  the  refiftance  of  the  globe  = 
force  of  the  globe's  comparative  weight  (which  ge- 
nerates this  motion  in  the  time  it  defchbes  ^L 

/* 

X  t  diameter,  or  falls  ^Jr  X  ^diarn.)  And  there- 

fore  this  force  cannot  accelerate  the  globe.  ^.  E.  D. 
Now, 

By  the  experiment  -,  2F  zz  d  x  i-  diameter ;  but 
the  fpace  the  globe  uniformly  describes  (with  the 
greateft  velocity  wherewith  it  can  defcend  in  the 
canal  or  veffel,  and  in  the  time  of  acquiring  it  with 

its  compound  weight)  zz  mn     x  — -  diameter  = 

li  3       

—  X2Fz^_  X44251-     Alfo  ^95,219  : 

xGzy?_x  0,15244  (by  the  laws  of  falling 
bodies)  zz  time  of  acquiring  the  greateft  velocity. 
And  therefore  /   /™L  x  G  f=time}  :  *£  X  2F 

(=fpace;::)G:y^lx2F::4":^y^X 
*E  =  (fpace  defcribed  in  4")  =  i.  ^5.  x  iltfj 
J245.  Subduft^."  x  i.jS6n944F  =  ?L  x 
3,o676.  And  *  y-  x  lie,,245_.l y»  x 
350676  =  fpace  fallen  in   the  fluid,  =z  116,1245 
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g*  —  3>o6j6  X    *J*!L*  nearly,  as  the  author  makes 

it. 

[ib.  ex.  13.]  This  and  the  following  are  upon  the 
fame  computation  as  the  foregoing  experiments  in 
water,  to  wit,  the  theory  of  non-elaftic  fluids ;  the 
reafon  is,  becaufe  he  confiders  fluids  as  elaftic, 
whofe  parts  are  difcontinued,  &c.  fee  Sch.  Pr.  35. 

[ib,  pa.  160.  equal  to .,  &c]    This  is  plain 

4586  r 

from  what  follows,  afterwards.     For  let  a  fpace  : 
|D  :  :  860  :  1  ;  this  fpace  -  ^2  D   zz  2293D, 

and  this  fpace  the  globe  moves  in  the  time  T,  with 
velocity  V  \  let  therefore  T  =z  2293,  and  t  ~  4. 

Then,  motion  loft  z=  _J zz  -L~~  V ;  note 

2293  +i       4587 
/  ( zz  f )  is  not  fenfibly  increafed,  by  the  refiftance, 
in  moving  thro'  fD  ;  and  hence  I  have  taken  it 
for  the  fame. 

[ib.  let  D  be  the,  &c]  for,  put  denfity  globe  : 

denfity  fluid  :  :  d  :  1 ;  "alfo  let  the  fpace  —.Dz-S. 

3 
Now  by  Prop.  38,  dx  refiftance  —  force,  which  f uni- 
formly continued)  will  quite  deftroy  its  motion,  in  the 
time  it  moves  ^D  •,  therefore  d  x  refill,  will  quite  take 
away  its  motion,  wbilft  it  moves  4-E).  But  (becaufe  the 
force  of  that  refiftance  and  the  time  of  its  acting  are 
reciprocally  proportional),  the  refiftance  the  globe 
meets  with  will  quite  take  away  its  motion  whilft 

QJ 

it  moves  (with  V)  —  D  zz  S.  Therefore  (by  cor.  7. 

3 
Pr-  35-)  the  glqbe  in  the  time  T  (of  moving  SJ, 
meets  with  a  refiftance  R,  which  will  quite  deftroy 
its  motion  V  ;  therefore  in  the  time  /,  it  will  lofo 

■  /■  ,'  V,  fee. 
T-W 

SECT. 


B.II.  the    P  R  I  N  C  I  P  I  A.  75 

Fig. 
SECT      VIII.  44- 

[Pr,  42.  and  becaufe  the  motion  of  the 
waves,  &c]  Let  the  waves  A,  B,  C  move  from 
A  towards  C,  and  fuppofe  the  water  to  defcend 
from  the  vertex  C  into  the  hollow  E,  and  thence 
up  to  B,  which  it  will  do  fuppoling  the  vertices 
A,  B,  C  to  be  of  equal  altitude  ;  alio  let  the  wa- 
ter defcend  from  B  to  D  and  afcend  to  A,  &c. 
Now  fince  the  water  in  the  vertex  B  defcends  to- 
wards D,  at  the  fame  time  that  other  water  (that 
had  defcended  from  C  to  E,)  is  afcending  to  B ; 
therefore  the  water  will  be  lower  at  the  point  B 
and  higher  at  the  point  b  than  before ;  and  con- 
fequently  that  the  vertex  of  the  wave  B  will  be 
transferred  towards  C.  Therefore  -the  vertices 
fand  hollows  and  any  correfpondent  points)  of 
all  the  waves  will  move  from  thence  towards  C ; 
therefore  the  waves  will  be  carried  on  by  the  de- 
flux  of  water  down  CE,  BD  j  and  the  accumulation 
thereof,  on  EB,  DA. 

[Pr.  43.  cafe  1.  at  nearly  equal  diflances,  &c.J 
they  fet  forward  at  equal  distances,  and  continue 
fo,  becaufe  they  move  with  equal  velocity,  as  ap- 
pears by  (the  demonft.  of  cafe  1,  2,  3  of)  Prop.  48.   45« 

[Pr.  46.  becaufe  the  motion  of  the  waves  is  car- 
ried on,  &c]  Let  A  be  the  vertex  of  a  wave. 
The  fluid  at  b  is  more  prefied  (by  reafon  of  a 
greater  depth  of  incumbent  water)  than  d  •,  there- 
fore that  greater  prerTu re  cauies  the  water  to  recede 
from  b  in  all  diree?uons,  and  to  afcend  at  c ; 
therefore  the  vertex  of  the  wave  is  now  in  c. 
Alio  ?.  greater  preiTure  of  water  propagated  from 
c  to  /,  cauies  the  water  to  defcend  at  c  and  afcend 
at  e,  therefore  the  vertex  of  the  wave  moves 
along  a,  c,  e,  &c.  And  this  it  will  always  continue 
to  do,  if  at  rirft  any  force  is  fuppofed  to  be  applied 

to 
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Fig.  to  the  fide  gha.t  to  hinder  the  afcent  of  the  water 
there  in  like  manner  as  it  afcends  at  c,  t\  for 
then  the  fide  gha  will  be  afterwards  always  def- 
cending,  and  the  fide  ace  afcending,  without  the 
continuance  of  fuch  force. 

[ib.  tranfverfe  meafure]  is  meafuring  along  the 
furface  of  the  water  \  as  is  plain  from  the  demon- 
ft  ration. 

46.  [ib.  cor.  2.  rather  performed  in  a  circle]  as  in 
the  note  on  Prop.  42.  But  if  the  breadth  of  the 
waves  be  meamred,  not  in  the  right  lines  acb,  but 
along  the  furface  of  the  water  (becaufe  the  deflux 
of  water  thro'  b,  c9  a  is  made  in  a  curve  line  near 
a  circle),  then  the  time  mentioned  in  the  prop, 
will  be- very  nearly  as  it  is  there  affigned. 

47.  [Prop.  47,]  fig.  j.  pi.  9.  is  wrong,  it  mould  be 
thus  •,  (and  the  original  is  wrong  too,)  where  /,  m,  n9 
ftand  at  N,_  M,  L. 

Lib. — with  thofe  of  an  ofcillating  pendulum."! 
ib.  according  to  the  law  of  a  pendulum  ofcill.  J 
for,  by  Prop.  52.  lib.  1.  fpace  defcribed  by  a  pen- 
dulum, in  the  time  PI ;  is  to  a  whole  vibration  ; 
as  the  time  PI,  to  the  time  PIS-,  and  to  two  vi- 
brations, as  PI,  to  PHSP,  and  the  accelerating 
force  of  a  pendulum,  is  as  its  diftance  from  the 
loweft  point.    See  cor.  Pr.  51. 

[ib.  that  is,  (becaufe  HL  —  KN  is,  &c]  that  is, 
HL  —  KN:HK:^:OM:OI. 

[Pr.  48.  cafe  1.  diftances  of  the  pulfes,  &c] 
the  diftances  of  the  pulfes  in  one  medium  be 
—  diftances  of  pulfes  in  the  other. 

[ib.  and  therefore  the  pulfes ;  j  hence  it  appears 
that  the  correfpondent  parts  in  both  mediums, 
(vibrate  or)  go  and  return  together,  or  in  equal 
times,  tho*  one  makes  longer  vibrations  than  the 
other.  But  (by  fuppefition)  the  diftances  of  pulfes 
in   both   mediums   are  equal ;  and  the  pulfes  in 

both 
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both  are  tranflated  thro'thefe  equal  diftances  in  theF 
times  of  the  parts  of  the  medium's  (vibrating  or; 
going  and  returning,  which  times  are  proved  equal ; 
therefore  the  pulfes  in  both  mediums  move  equal 
diftances  in  equal  times,  and  therefore  are  equally 
fwift. 

[Pr.  48.  cafe  2.  then  will  their  contractions,  &o] 
be  equal,  in  equal  fpaces, 

fib.  and   moreover,  &c]    for   fpace    OC 
fqiureofthetime    (for  ^  {p^  ^  Kd 

matter 
by  accelerative  forces),    and  time  OC  v^fpace  X 
v'matter  OC  v/*Pace  X  fpace  OC  fpace. 

[ib.  Cafe  3.  the  time  which  is  neceiTary,  &c]  for 

fpace  OC   p  time  X  force  OC    D  t*me  x  I0rce. 
matter  deniky 


Therefore  if  the  fpace  be  given,  time  oc  Vdenfity. 

force 

Therefore  velocity  OC  -^—  OC     /  force. 

1  time  V  denfity 

[Prop.  49.  —  ratio  of  PQ  to  A  conjunctly  *,] 

that  is,  time  /matter  ^    _J_sWhenthc 

torce  y/toxat 

quantity  of  matter  is  given,  (this  in  accelerated 
motions).  Then  time  of  one  vibration  by  that  e- 
laftic  force  :  time  of  one  vibration  of  a  pendulum 
PO,  by  the  weight :  :  y/VY  :  v/PO  x  A,  and 
time  of  one  vibration  of  PO,  by  the  weight :  time 
of  one  vibration  of  A  : :  ^/fO  :  y/A.  Therefore, 
&c. 

[ib.  — of  the  going  and  returning:]  of  the  pen- 
dulum PO. 

[ib.  —  of  one  ofcillation  compofed  of  the  g 
and  returning,]  of  the  pendulum  A. 

1*. 
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Fig.  [ib.  cor.  i.  —  to  its  circumference.]  For  (Me- 
chanics, Prop.  24. )  diameter  :  circumference  :  : 
time  of  fall  thro'  4-  radius  :  time  of  one  vibration. 
Therefore  as  radius  :  circumference  :  :  time  of  fall 
thro'  ~  radius :  time  of  two  vibrations. 

[ib.  cor.  2.]  for  velocity  OC  *£—  OC-— -    00 
time        </A 

Vk  OC  Je-force  .    By  elaftic  force  he  means, 

denfity 
that  which  arifes  by  heat,  as  well  as  that  arifing 
from  the  compreffion. 

[Prop.  50.  Let  the  number]  of  the  double  vi- 
brations, &c. 

[ib.  Schol.  in  the  fubduplicate  ratio  of  the  defect 
of  the  matter]  that  is,  of  the  quantity  of  vapour 
or  watery  particles.  And  (by  Prop.  49,  cor  2.) 
the  velocity  will  be  increafed  as  (the  ^/denfity 
that  is,  as)  the  ^/quantity  of  true  air  in  a  given  fpace, 
is  decreafed. 

[ib.  near  100  pnlfes  in]  This  computation  pre- 
fuppofes,  that  thofe  vibrations  of  the  firing  are  dou- 
ble vibrations,  or  vibrations  compofed  of  its  going 
and  return. 

SECT.     IX. 

[Prop.  51,  but  the  differences  of  the  angular 
motions,  &c]  thefe  are  as  the  difference  of  the  ab- 
folute  motions  round  the  axis,'  that  is,  as  the  dif- 
ference of  the  abfolute  tranflations,  or  as  the  re- 
lative tranflations  ('which  are  thofe  here  fpoken  of) 
directly,  and  the  diftances  inverfely. 

[ib.  of  quadratures  of  curves,  &c]  Let  S'Dzz  xy 

T>d  =zy,  then Dd  OC  —    (   =  L  )    by    con- 

XX    \  xx  / 

ftrudlion  j  therefore  y  zz  —  •,  andytf  =  bx~~%k\  and 
xx 

tit 
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—      ,-  zz  area  •,  therefore  area  00  -  zzDiQ. 
— - 1        se  x  • 

[ib.  cor.  3.]  In  a  given  time  let  the  parts  1,  2,  3,  ,g 
of  the  fluid  defcribe  the  fpaces  ir,  2sy  p  -,  take 
away  or  add  the  equal  angular  motions  in,  20,  %p ; 
fo  that  the  fpaces  nr,  os,  p  be  defcribed  in  that 
given  time  ;  now  whether  the  points  1,  2,  defcribe 
the  fpaces  ir,  2s,  or  nr,  os;  the  tranflations  at  the 
end  of  the  given  time  will  be  zz  si  •,  alfo  if  2,  3 
defcribe  2s,  3/,  or  os,  pt,  the  tranflations  at  the 
end  of  the  given  time  will  be  the  fame  in  ei- 
ther cafe,  viz.  zz  ut\  therefore  the  tranflations 
being  equal  and  the  attrition  alfo,  the  motions 
will  be  continued. 

[Pr.  52.  cor.  8.  about  any  given  axis]  palling 
thro'  the  globe ;  the  relative  motion  of  the  parts 
of  the  globe  and  fluid  are  the  fame  ftill,  there- 
fore, &c. 

[ib.  cor.  9.  femidiameter  of  the  globe;]  let  BC  49. 
be  a  plane,  D  a  point  of  the  veffel,  A  a  point  of 
the  globe ;  then  period,  time  of  A/,  time  B  : :  <L  ve- 
locity B  :  <C  velocity  A ;  and  therefore  time  A 
4.  time  B  :  time  A  :  :  (vel.  B  +  vel.  Az:)  < 
vel.  A  from  B  :  <Z  vel.  B  :  :  time  B  :  time  A  from 
the  plane  BG  (to  BC  again.)  :  :  CBa  :  CA\  But 
time  B  from  DC  zz  time  D  from  BC  ;  therefore, 
time  D  (from  BC)  :  time  A  (from  BC)  :  :  CBa  : 
CA2  •,  as  it  fliould  be  by  the  prop,  and  cor.  8. 
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[TJROP.  3.  the  action  of  the  fun,  attracting,  &c.  j 
J7  fee  cor.  7.  Pr.  66.  lib.  1,  or  cor.  14,  where 
KL  is  OC  PT  nearly,  ( SK,  or  ST  being  given)  5 
and  the  force  TM  in  its  mean  quantity,  is  =: 
PT,  nearly. 

[Prop.  4.  and  the  fpace  which  a  heavy  body 
defcribes]  by  falling  in  1"  :  half  the  length  of  the 
pendulum  ( =.  f  radius)  :  :  fquare  of  1"  :  fquare  of* 
the  time  of  falling  thro*  half  the  pendulum  :  : 
(Mechanics,  Prop,  24.)  fquare  of  the  circumference : 
fquare  of  the  diameter. 

[ib.  pa.  216.  line  13,  the  mean  diftance  of  60 
diameters]  it  mould  be  60  femidiameters,  as  it  is 
in  the  original. 

[Prop.  6.  p.  222*— fubduplicate  of  that  propor- 
tion, as  by  fome  computations  I  have  found,]  i.  e, 
as  I  found  by  making  fome  calculation. 

.For  let  R  be  the  diftance  of  the  Sun  and  Ju* 
piter,  d  the  greater  force,  e  the  lefTer ;  then  to  find 
the  diftance  x  where  d  may  be  diminifhed  to  e. 
Becaufe.the  forces  are  reciprocally  as  the  fquares 

of  the  diftances,  fay  —L- :  1. :  :  d  :  e  :  :  xz  ;  R*< 
_     Kz      xz 

And  x  :  R  :  :  \/d  :  y/e  \  therefore  at  the  diftance 
#,  the  weight  d  (of  the  fatellitej  would  become 
equal  to  e  -,  and  the  center  of  their  orbits,  would 
not  be  in  Jupiter,  contrary  to  experience.  And 
if  the  force  of  the  fatellite  Was  lefs  5  by  a  like 
computation,  the  center  of  their  orbits  would  be 
nearer  than  Jupiter,  alfo  contrary  to  experience. 

[Prop. 
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FProp.  8.  cor.  i.  and — refpectively]   this     S" 

L       r  169282 

fhould  be  — ,  or  rather . 

196282  194075 

[ib.  at  the  diftances  10000,  &c. !  thefe  are  as  the 
diameters ;  and  the  apparent  diameters  are  found 
by  aftronomical  obfervation  ;  which  X  by  the  pro- 
portioned diftances,  gives  the  ratio  of  the  real  dia- 
meters. 

[Pr.  8.  cor.  4. — of  fo  much  the  greater  den- 
sity.] This  is  not  generally  true,  as  appears  by 
cor.  2  and  3. 

[ib.  cor.  3.  —  truely  defined.]  This  is  demon- 
flrated  in  Gravefand,  L.  IV,  p.  232,  3.  See  Ap- 
pendix, p.  20. 

f  Pr.  10.  lofe  almofi  a  tenth  part  of  its  motion.] 
For  by  Schol.  Pr.  40,  p,  160,  it  is,  1  :  860  :  :  ~  : 
2293.33  -f  zz  ipace  deicribed  in  the  time  T ;  put- 
ting  D  —    1,    V  zz  1  ;    and   T  :  /  :  :  2293.33  ; 

2293.33  —  =1  fpace  (uniformly)   defcribed  in  the 

.time/.     Then  (pa.  161.)  —  :  2,302,  &c.  X  Log. 

——-  :  :  2293.33  —.:  229.55  therefore  2293. 33 

X  2.30258  xLog.  — f-  =229.55  andlog,_tf 
1  T 

T  4-  t 

zz  ,043461  ;  and  therefore  — -—  zz  1.105-f;  a"d 


=z  -Z.    -f  and 


T  -f- 1  1.105         10  T-K  10 

nearly. 

[ib.  or  as  75  (o12)  to  1  nearly.]  In  fig.  3.  pi.  5, 
L.  II.  Let  SA  zz  rad.  earth  zz  20949674  feet. 
AB  zz  1.  AF  zz  200  miles  zz  1056000  feet  5  then, 
by  cor.  pr.  22.  II.  ha  —  Bi>  :  Aa  —  Ff  :  :  thin  : 
tbnz  -,  that  is,  AB  x  SF :  AF  x  SB  : :  or  1 :  1005325 
F  :: 
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Fig.:  :  thin  :  ihnz  :  :  (by  fch.  pr.  86  hyperbola)  log. 
AH  —  log.  BI  :  log.  AH  —  log.  FN;  becaufc 
water  is  860  times  denfer  than  air,  and  the  incum- 
bent weight  of  the  atmofphere  at  the  furface  of  the 
earth  is  about  zz  weight  of  33  feet  of  water-, 
therefore  the  weights  (and  confequently  the  den- 
fines)  in  AandB,  are  as  28380  and  28379;  whence 
AH  or  St  zz  28380,  andBI  or  Sn  zz  28379  ;  and 
log.  AH  —  log.  BI  zz  ,0000152,  log.  AH  zz 
4,4530124  ;  therefore  1  :  1005325  :  :  ,0000152  : 
4,4530124  —  log.  FN;  and  log.  FN  zz  — 11,1730. 
And. therefore  FN  zz  ,0000000000  i  5,  and  denfity 
in  F  :  denfity  in  A  :  :  15  :  28380000000000000  :  : 
or  as  1  :  to  1800000000000000,  which  is  lefs  than 
1  to  75000000000000  ;  but  the  computation  wilt 
vary  as  the  radius  of  the  earth,  the  denfity  of  wa- 
ter and  air  at  the  earth,  is  fuppofed  to  vary. 

~[ib.  and  hence  the,  &c]  as  before  (by  Pr.  40. 
Sch.)  fince  denfity  of  water :  to  denfity  of  air  200 
miles  from  the  earth  :  :  645  (o1*)  :  1.  Space  de- 
scribed in  time  T  zz  172  (o1*).     And   —  :  log. 

Zztf  x  2.302,  &c.  :  :  172  (o«5)  X  L  ( •  =  ipaCe 
defcribed  in  time  /)  :'  2792250000  zz  fpace  Jupiter 
defcribes  in  1 000000  years.     Therefore  log.        \* 

zz  ,00000000705.      And  . — 2L  zz  1.000000017. 

And  -2L.  =  ,999999986.     And_L_     zz 

,000000014,  which  is  lefs  than 

IOOOOOO 

[Pr.  13.  are  almoft  as  16,  &c]  for  (by  this  and 
cor.  2.  Pr.  8.)  accelerative  force  of  Jupiter  towards 

Saturn  : 
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Saturn  :  accelerative  force  of  Jupiter  towards  theFig- 

Sun::25X  _L_  :  .6  x  1  : :  81  :  lMi^l£il. 

202I  25 

[Pr.  14.  Sch,  And  hence  we  may  find,  &c]  For 
by  cor.  7.  prop.  66.  I.  The  apfides  of  their  orbits 
move  in  coniequentia.  And  by  cor,  16,  of  the 
fame,  the  motion  of  the  apfides  of  the  body  P 
f plate  21,  fig.  2.)  will  be  as  the  periodical  time  of 
P  directly,  and  the  fquare  of  the  periodical  time 
of  T  inverfely,  that  is,  as  the  periodical  time  of 
P  (becaufe  the  periodic  time  of  T,  round  S,  or  of 
the  Sun  round  Jupiter  or  Saturn,  or  (which  is  the 
fame  thing)  of  Jupiter  or  Saturn  round  the  Sun,  is 
given)-,  that  is  (by  prop.  15.  I.)  in  the  fefquipli-  „ 
cate  ratio  of  their  diftances  FT. 

[Pr.  19.  in  the  duplicate  proportion  of  the  rad.  zOk 
to  the  cofine  of  latt.]  For  (by  cor.  3.  pr,  4.  L.  I.) 
centrifugal  force  at  the  equator  :  centrifugal  force 
at  a  from  the  axis  (—  ab) :  :  rad.  :  cof.  lat.  :  :  r  :  c. 
Alfo  the  force  directly  from  the  axis  :  force  directly 
from  the  earth  :  :  ab  :  he :  :  r  :  c .  Therefore,  ex 
equoy  centrifugal  force  at  the  equator  :  centrifugal 
force  directly  from  the  earth,  at  a  :  :  rr  :  cc. 

[ib.  but  by  computation  (from]    Let  GC  zztzz  5*< 
101.  BP  =  C"=:  100.  PE  ~  x.  Then  will  ED2zz 

^X^1^     AndER*  =  PD2  =  —  —  'l-x* 

cc  _ ^_       cc 

+  **.     And  ER  -     /  fi  *  +  clZlll  *■  =.  (fup- 
V     c  cc 

pofe  to)  x/r'x  — sxz.     Whence  the  fluxion  of  the 


1  ;         sx 


area  PORE  is  zz  rzx  —  rin*  x  ~  rx^x  —   —  x 

-£^i*  _  JifLx— l^I*-&c.  And 
2.^n  2.4-6r5  2.4'.6.b>7 

the  area  PQRE  ~  4-  rxi  —  _  — 1—— 

5r        7.4^       9.4.0^ 

F  2  — • 
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Fig.  _  3-5^-    _  &c>  =  *^|  _  S^f_  A  +  .5-y, 
H.4.6.8r7  2.5^  7.47^ 

B  +  2±^  C  +  &&  D  +  &c.  =  (putting  *! 
9-6ra  n.S.r1  rr 

=  ?H  «5*  —  A  A?  +  &-  By  +  A  C*  +  4-J-Df 

4-  &c.   —   (when  #  =  c  =£  100  -,  and  5  being  r= 

^  —  ,0201.     And  fzz  —  z=  102,01.  z=)  to 

6693,39.     And  PBM  =z  5000.     Whence  PQRM 

zz  169339.     Therefore  by  cor.  2.  pr.  91.  I.  force 

of  the  fpheroid  :  force  of  the  fphere  :  :  (when  P 

j  A      ■ >a  's  Ac       AS  x  PQRM    AS      „ 
and  A  coincide)  AS  — — ^ :  — : :  1— 

CS2  3 

?Q?M:  4-:  :  x  _  1*1*9*39  :«  :  s  I>oo8  :I  .. 

CS1  10201 

126  :  125. 

fib,  p.  243.  if  the  denfity,  &c]  this  will  appear 
by  considering  what  went  before,  and  cor.  3.  pr* 
■91.  I. 

[ib.  but  if  the  diurnal,  &c]  for  the  (centripetal 
or)  centrifugal  force,  is  as  the  fquare  of  the  velo- 
city when  the  rad.  is  given. 

[ib.  244.  — •  augmented  in  proportion  as  the  forqe 
of  gravity  is  diminifhed.]  for,  reviewing  the  former 
calculation  •,  if  the  denfity. of  the  earth  were  greater 
than  it  is  5  the  force  of  gravity,  to  the  centrifugal 
force,  would  be  greater  than  in  that  proportion  of 
289  to  1  •,  (and  the  two  diameters  would  be  in  a 
lefs  proportion  than  289  to  288  i  and  alfo  the  dia- 
meters would  be  in  a  lefs  proportion  than  230  to 
229  j)  confequently  the  ratio  of  the  difference  0^ 
the  diameters  to  either,  decreafes  as  the  gravity  in- 
creales.  And  on  the  contrary,  that  ratio  increafes 
as  the  gravity  decreafes.     And  upon  this  depends 

the  foregoing  proportion;  as  -i-  •  _L    :  :     l.    : 

505     100         289   ' 
t 
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[ib.  line  11.]  read  IS  x  *£  X  —  to  i.    InFiS< 
5         944        229 

the  Original,  2d  edit,  it  is  -i-  x  — -  X  — —  to   1, 

5         i        229 
or  as  t  to  8. 

[Prop.  20.  Whence  arifes  this  Theorem]  for  let  52. 
tikyn  be  a  circle  circumfcribed  round  the  cllipfis 
nhyl.     Then  khm  :  fee  (  =  j  aba1:  :  &/2  :j^a.     And 

/r£  zr /<$  .     But  becaufe  &&/»  and  £/  are  given, 

ktz  xbd  & 

and  £i  zz  (nearly  to)  2^/  which  is  given.  There- 
fore ab  OC  fgz ;  but  the  difference  between  the 
weight  at  n  and  #,  is  as  {at  —  bt  —  )  ab.  There^ 
fore  the  increafe  of  weight  is  as  fgz,  or  the  fquare 
of  the  fine  of  lat.  at  a,  nearly,  or  (by  trigonome- 
try^) as  the  verf.  of  lan. 

{ib.  and  the  arcs  of  the  degrees,  &c]  The 
length  of  a  degree  is  OC  rad.  of  curvature,  and 
in  the  points  n  and  b9  are  (by  ex,  1.  pr.  19.  Seel. 
II.  Curve  linesj  as  the  parameters  of  ny  and  bly 
that  is,  as  hh  to  ny*,  or  229*  to  230*,  that  is,  as 
56637  to  S7^2t  as  is  inferted  in  the  Table,  » 
page  247. 

But  to  find  the  rad.  curvature  at  b  ->  we  have  (by 
Ex.  2.  Prob.  5.  Seel.   II.  Fluxions)   mH.  z=r.y  -{-. 

iiifZL^ ;  and  therefore  (putting  s  for  the  fin$ 

abb 
of  the  angle  ntb)  -,    rad.    curvature  mC  at  h  =3* 

L,  ■+.  4Xf.~~"    y?  =  f  becaufe  —  is  a  given  ratio,; 
^  <2#fo  s 

B-  4-  infill  Rxy,  very  near,  R  being  the  radius 

abb 
of  curvature  in  n.     And  therefore  the  increafe  of 
this  radius,  which  is  as  the  increafe  of  the  degrees, 
is  as  yy  or  ss  nearly.     And  here  a— b  being  very 

im$l,  12^_R,  is  an  extremely  fmall  quantity. 
abb 

F  3  (P< 
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Fig.     [Pr.  23.  —  which  I  cannot  here  defcend  to  ex- 
plain.] Since  the  moon's  orbit  is  more  excentric 
than  thofe  of  Jupiter's  fatellites,  the  motion  of  the 
moon's  apogee  will  be  greater  in  proportion,  than 
the  motion  of  the  apogee  in  any  fatellite. 
53?      [^r*  27g  The  .area,  &c]     For  the  moment  of 
the  area  is  OC  cb  x  ad.      But  a,d  OC  angle  bed  X 
cb  zz  horary  motion  x  cb.     Therefore,  area  cc  cbz 
X  horary  motion. 

[Pr:  28.  But  the  attraction  of  the  moon  •,]  for 
let  A  zz  attraction  of  P  towards  T.  Let  the  at- 
traction or  force  LS  be  refolved  into  the  two,  LM, 
SM  ;  the  firft  acting  towards  M  the  latter  towards 
S.  Then  the  whole  attraction  of  P  towards  T  is 
A-ST+LM'^  TM.  Let  A  —  ST  =  F. 
Then  the  attraction  of  P  towards  T  in  the  fyziges 
is  F— 2  AT  »  and  in  the  quadratures  F+CT.  By 
prop.  25-,  F  :  ML  :  :  178725  :  1000.  And  the 
forces  -2 AT,  and  CT,    will  be  to  each  other  as 

2000  AT,  and  1000  CT,  that  is,  as  _ ,  and 

CTxN 

100 — -      And  the  force  F  in  the  fyziges  and  qua- 
ATxN.     ^  . 

dratures  will  be  as  178725  directly,  and  the  fquare 
pf  the  diftance  from  T  reciprocally.     Therefore, 

&c.  (Note,  +^isfalfepn„tedfor-^|., 

in  line  10,  pa.  268.) 

[ib.  — -  Quadrature  in  C  -3  or,  which  —  ]  for 
CTP  :  CTp  :  :  angular  motion  of  the  moon  from 
the  fun's  quadrature  :  to  its  angular  motion  from 
the  fixt  point  C,  that  is  (becaufe  the  given  circum- 
ference, or  one  revolution,  is  to  be  defcribed  in  ei- 
ther cafe)  :  :  periodic  revolution  :  fynodic  revolu- 
tion. 
_  .  [ib.  But  by  computation  I  find,]  with  the  radii 
*  ■ "  TA,  TC,  defcribe  the  circles  Ak,  Cic.    And  let 

AZ 
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AZ  Cz,  touch  the  ellipfis  in  A  and  C.  And  take  AlFig. 
to  Ac,  and  Qi  to  Cct  as  <C  CTP  to  CT/>.(fig.  5.  54- 
pi.  10.)  Now  in  order  to  determine  the  curvature 
of  the  orbit,  fuppofe  the  point  a  to  coincide  with 
A,  and  draw  the  parts  of  the  orbit  ARO,  Cro, 
which  will  pafs  between  the  ellipfis  and  circle  \  for 
TO  or  TE  is  lefs  than  TL,  and  greater  than  (TA 
or)  TV.  And  To  f  that  is  Te)  is  lefs  than  TC  or 
TV,  and  greater  than  T/.  Draw  the  lines  TB,  Tb, 
fo  that  AB  tz  Cb.  And  let  the  points  A,  1,  C, 
and  alfo  C,  i9  c  coincide  ;  and  the  curvatures  of  the 
ellipfis,  orbit,  and  circles  at  the  points  A,  C,  will 
be  refpe&ively  as  BE,  BR,  BI,  and  be,  br,  bi. 
And  the  difference  of  curvatures  of  the  ellipfis  and 
circles,  and  of  the  orbit  and  circles  in  A,  C,  will 
be  as  EI,  RI,  and  ei,  ri,  refpectively.  But  RI  : 
EI  or  OC  (becaufe  TE  -  TO,  and  TI  =  Tc  :  :) 
AP  :  Ac*  (Lem.  1 1.  I.)  :  :  CTP* :  CTp\    Whence 

RI  =  EIx£I^  =  BI  — BEx^Su    Alfo,  ri  2 
Ciy  QTpz 

oc  or  ei,  or  be  —  bi :  :  C*>  :  Ccz  :  :  CTP*  :  CTp\ 

CTP* 

Whence  ri  zz  be — bi  X But  in  the  0  TA  1 

CTp1 

BI,  AI  or  AB,    and  2AT  are  ~.      And   in   the 

O  TC  ;  bi,  Ci  or  Cb,  2CT  are  —  5  whence  BI  =z 

££L-  i  and  bi  -  -ZL-.     Alfo  in  the  ellipfis,  BE  x 
2AT  2CT 

2 AT  :  BA* : ;  AT* :  TC\     And  be  X  2CT  :  bCz : : 

CT2  :  AT\   Whence  BE  zz  BA*  X  AT.    And  u 

2CTZ 

bQzyCT 

zz  — — .     Now  from  hence,  the  curvature  of 

2AT2 

the  orbit  at  a  :  curvature  of  the  orbit  at  C  :  :  BR 


AB5 


or  BI  —  IR  :  br  or  bi  +  ir  :  :  -IzzL  —  Bi  —  BE 

2AT 
.  ■  F  4  X 
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Fig.  „  CTP*  .   Ci;    +  — ^  x  CTP*  .  .    AB 


•ciy    2CT*  ciy      2at 

£IL_-BI+BE:    &*£!£.  +  *-*: 
CT  P*  aCT*        CTP* 

ABa       CTj>a  __    AB*         BA*  x  AT  .    C*» 

2AT X  CTP    "  2AT  2TC>       :  2CT1  > 

C-j/»&     ,    £C*xCT        C£*  #  CT/>* 

— —     ~T~ 


CTP*  2  AT*  2CT        AT  x  CTP* 

1  AT  .        CT?*  CT  _i__ 

AT  "*"   TO  '  CTP'XCT*       AT1        CT 
CT/>*-~CTP*         AT   m  QTf-  CTP2     ,    CT 


AT  X  CTP*  TC*      CTxCTP*  AT* 

:  :  AT*  +  Cl^  —  Cif1       AT     CT,    CT, 
CTP* 

£Il;=_c2£:xctxa^ 

55-  [Pr.  29,  The  tangent  of  the  angle  CTP,  &c.'J 
On  the  axis  DC  defcribe  the  circle  CdD,  and  let 
the  line  Tb  revolve  uniformly  to  d,  in  the  fame 
time  that  TP  revolves  to  A,  and  defcribes  areas 
proportional  to  the  times  in  the  eliipfis  CAD.  Draw 
be  ||  to  tf'T,  and  draw  T£,  TP.  Since  the  circle 
and  eliipfis  are  defcribed  in  equal  times,  parts  pro- 
portional to  the  whole  will  be  defcribed  in  any 
equal  times  ;  now  area  eliipfis  :  area  circle  :  :  TA  : 
Ta  [  ~  TCj  :  :  e?  :  eb  :  :  (e?C  +  ePT  =z)  TPC  : 
(ebC  -f  ebT  ~)  TbC.  Therefore  the  point  in  the 
circle  is  at  b,  when  the  point  in  the  eliipfis  is  at  P. 
But  TA  :  (Yd  rr  )  TC  :  :  tfP  :  eb  :  :  tangent  < 
*TP  :  tangent  <C  eTb  (zz<£  of  the  mean  motion.) 
lib.  Square  of  the  fine  of  the  angle  CTP.]  Thefe 
things  are  plain  from  prop.  26,  where  Pd  (fig,  4.) 

PK2 
is  the  excels  of  the  moment,  and  is.  as 

FT 

56.      lib.  which  we  may  erTefb;   &c]    Let  Abe  the 
area  defcribed   by  the  moon  in   any  time,    arch 

CP 
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CP  zz  z,    r  ~  radius  TC.     PK  zz  y,  TK  zz  *,Fig. 

/  =  tan.  PTC.     Then  A  zz  ^1  -  yx,  and  A  zz  56# 

r 

Fl  :;•#  zz   area  CPK.     But  TPC  expreffes  the 

mean  motion,  and  therefore  TPK  is  the  equation, 

which  is  as  TK  x  PK  or  uy. 

But  by  the  nature  of  the  circle,  z  zz 


rr-\-tt 
and  fince  t  is  in  a  given  ratio  to  /,  (or  as  .3123  to 

rrt  t 

69,)  therefore  z  is  as  ■  or  —7-  X  TK 

rr+tt  Vrr-^tt 
orj  x  TK,  or  as  uy.  Therefore  decreafing  the 
tangent  in  the  fubduplicate  ratio  of  11073  to 
10973,  or  in  the  limple  ratio  of  69  to  68,  6877  ; 
accelerates  the  area  in  proportion  of  PK%  as  it 
ought  to  do. 

[ib. — in  a  proportion  compounded  of  the  dupli- 
cate, &c]  for  (by  cor.  16.  pr.  66.  L.  I.)  all  angu- 
lar errors  are  as  the  iquare  of  the  time  of  the  moon's 
revolution,  direcl-ly,  and  the  fquare  of  the  time  of 
the  earth's  revolution  inverQy  j  that  is  (by  pr.  15. 
L.  I.)  as  the  fquare  of  the  time  of  the  moon's  re- 
volution directly,  and  the  cube  of  the  earth's  dis- 
tance from  the  fun  in  verily. 

[Pr.  30.  And  this  force  by  prop.  25,  is,  &c."J 
The  force  3PK  :  force  ML  :  :  3 IT  :  PT  (for  thefe 
are  the  fame)  and  force  ML  :  centripetal  force  by 
which  the  moon  revolves,  &c.  :  :  1  :  178-H-.  (by 
pr.  £5.)  therefore  ex  equo,  force 3 PK  :  centripetal 
force  the  mccn  revolves  with  :  :  3IT  X  1  ;  PT  X 
178^..     Or  as  IT  :  rad.  x  59>575> 

[ib.  the  half  of  which  the  moon]  it  mould  be, 
which  the  moon,  by  the.  aclion  of  the  laid  force, 
as  it  is  in  the  firit  edition. 

[ib.  And  the  angle  PTM  is  equal  to  the  angle,  §J, 
&c]  for  in  this  caie  LM  is  perpendicular  to  MP. 
Let  PR  be  a  tangent  to  the  point  P  j  then  the  tri- 
angle 
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Fig.  angle  RPT  is  a  right  one  •,  and  angle  RPM  =r 

5y.  angle  PTM.     And  angle   LPM  ;  <C  (RPM  ±  ) 

PTM  (when  the  radius  is  PM)  :  :  LM  :  RM  :  : 

force  producing  LM  :  force  producing  RM  :  :  i  : 

59>575- 

[Pr.  31.  cor.  and  the  decrement  is  to  the  re- 
maining motion  as  100,  &c]  The  motion  of  the 
nodes  in  the  octants  :  motion  in   the  fyziges  :   : 
11073*:  11023*:  :  (becaufe   11073,11023,10973 
are  in  arithmetical,  and  nearly  in  ^-  progreffion) 
1 1073  :   20973;  and  decrement  :  remaining  mo- 
tion :  :  (11073  —  *°973  — )  IO°  *  10973. 
58.      [ib.  but  the  decrement]  for  the  decrements  are 
as  the  forces  and  times,  or  as  the  whole  motions 
and  times ;  that  is,  decrement  at  H  (or  increment 
at  h)  :  decrement  at  A  :  :  mot,   at  H,  and  time  : 
mot.  at  A,  and,  time  :  :  (that  is,  by  what  went  be- 
fore) as  mot.  at  H  X  yy — ~rr  :  mot  at  A  x  rr  — ~rr 
(or  mot.  at  A  x  irr.)    This  reafoning  being  very 
obicure,  you   will  find  the  motion  of  the  nodes 
'clearly  inveftigated,  in  (Prop.  V.  Seel.  VI.  and  cors. 
of)  my  Aftronomy. 

[Prop.  32,  it  is  drawn  back  again  1  that  is,  fup- 
pofing  the  piace  of  the  node  given." 

[Prop.  32.  Now  the  area  of  the  femicircle]  For 
let  NT  pi,    AZ  rz  y,  TZ  —  .■*.     Then  eZ  =z 

y- ,  and  Ae  ( AZ  -  eZ)  5=  £2?12 

9.08274-7.7  10.0827 +jy 

But  yy  z:i-n,  therefore  Ae  zz  9^}T^lZZ^ 

10.0827 — XX 

T  XX  X* 


_  b — ivi — xx    


=  b—i  X  "T"  +    TZ  ■  + 

b—xx  b  bb  V 


&c.  X  into  \/i-xx,  putting  b  -  10.08276,  and 

x* 

&c. 


the  fluxion  area  NAe  ~  b—  1  X  _  +  —  +    -p 
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&c.  x  x\/i  — xx  •,  whofe  fluent  (by  form  17.  Flux- Fig, 

ions)  =  T+  i+85r&e-xFr'-^Put- 

ting  <p  zz  quadrant  or  )  =  .92435  0,    there- 

2    * 

fore  half  the  area  NF#  zz  .0756$$.  And  the  area  p 

(or  quadrant)  is  to  the  area  ;  or  the  femicir- 

2 

cle,  to  the  whole  area  NF#  ;  as  1  to  ^^S->  or  as 
793  to  60. 

[Prop.  23'  wiH  nearly  agree  with]  let  N  zz  19 
49  3  55->  P  —  periphery  of  NA#  or  DFB,  E  the 
equation,  S  zz  S.2NA. 

Then  NAZ  reprefents  the  mean  motion  of  the 
nodes  for  the  arch  N A,  as  N  does  for  the  whole 
circle;  and  NAZ  is  the  true  motion  ;  and  ATZ 
is    the   difference    proportional   to   the   equation. 

Divide  by  ^r,  and  then  p :  J-  :  :  N  :  E,  or  p  :  J3 

r  r 

:  :  i-N  :  E,  that  is,  p  :  S  :  :  ~N  :  E  ;  whence  if 
BF  zz  2NA,  then  (by  conftruction)  AD  :  CD  :  : 
p  :  ^N  :  :  S  :  E.  Suppofe  S  an  arch  in  DF,  then 
360  :  4N  :  -  degrees  in  S  :  E  ;  but  deg.  in  S  (in 
the  circle  DF)  :  degrees  in  DG  (in  the  circle  DG) 
:  :  AD  :  CD  :  :  (by  conftruction)  360  :  ~N  in  de- 
grees :  :  degrees  in  5  :  E ;  whence  the  degress  in 
DG  —  E  ;  or  the  angle  DAG  zz  equation. 

[ib.  cor  ]  for  in  the  fyziges  the  areas  ANZ  and 
rNZ  vanifh  ;  and  N  A  is  90%  when  they  arc  in  the 
quadratures  ;  and  when  in  the  octants,  the  line  of 
BF  zz  S.90  zz  i  ;  therefore, 

38.3         —  *-5*3l9 

Rad.  —       10. 

1  —  o 

s.  <:  a  (i°  30O     8.4163 1 
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Fig.  [Pr.  2.  pa.  291,  and  by  the  demonflration]  the 
angle  ATN  will  be  the  diftance  from  the  nodes 
true  place,  by  conftruclion.  Alio  the  mean  mo- 
tion of  the  fun,  in  the  time  NA  :  mean  motion  of 
the  node  from  the  fun,  in  the  fame  time  :  :  (mean 
annual  motion  of  the  fun  :  mean  annual  motion  of 
the  node  from  the  fun  :  :  (by  Pr.  1.)  area  of  the 
cllipfis  :  area  of  the  circle  :  :)  TBN  :  TFN  ;  but 
TBN  was  the  mean  motion  of  the  fun  in  the  time 
NA  -,  and  therefore  TFN  is  the  mean  motion  of 
the  node  from  the  fun  in  that  time  N  A  ;  and  FTN 
the  angle  of  the  mean  motion,  or  the  diftance  of 
the  lun  from  the  mean  plane  of  the  node. 

|ib.  cor.]  for  let  atn  z=  n)h  =  45%  and/f  -1-  to. 

^'  at ;  then/*:  is  the  fme  of  fta>  the  A's  fib  and  bth  are 

fimilar^  therefore  fc  :fb  :  :.  bt  :  bh  \  and  by  com- 

pofition,/^  :  ct9  or  at  :  :  bf:fc  -,  and  by  inverfion 

fc  is  to  at  or  kt  :  :  fb  :  fb  or  by  :  :  kH  :  Hm  or  tk 

•     +  /H. 

[ib.  but  the  fine  of]  draw  oz  -J-  to,  it,  then  oz 
is  to  fc  in  a  ratio  compounded  of  (or  to  fb  or  of); 
os  to  fg,  and  (the  fine  of  crz  or  trs  to  the  fine  of 
fbc  or  tbg,  that  is,  of)  ts  to  tg  \  that  is,  in  the  com- 
pound ratio  of  osxts  tofgxtg,  that  is  (becaufe  rad. 
:  cofine  :  :  2ce  fine  :  fine  of  the  double  arch,  and 
therefore  therectangle  of  the  fine  and  cofine  being  as 
the  fine  of  the  double  arch )  as  fine  of  2otn9  to 
fine  of  %ftn  or  radius. 

[ib.  Sch.]  for  TS  :  (TS  +  SK  =)TK:  :  3600  : 
(360°  +  390,6B55  -)  399,6355  :  :  9,0827646: 
10,082764.6.  Therefore  TH  :  TK: :  ^9,0827646  : 

%/ 10,08,  &cv  And  therefore  *  TH  :  HK  :  :. 
18,6524761  :  1  : :  TS  :  SH  :  :  mean  motion  of  the 
fun  :  mean  motion  of  the  node  —  190  18'  iu  23'"^. 

Laftly,  TK  +  TH  (  =  58,224,28  :  KH  (  =  1)  ■:* 
rad.  :  fine  of  ju  :  29'  :  $y'  (by  cor.) 

)  Pr.  34.   cor.  2.  with  due  regard]  for  whiift  /,. 

:as  is  com- 
prehencjfit: 
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prehended  by  TH  produced,  FQ,  and  tangent  to  Fig. 
Q  •,  but  in  moving  from  F  to  q,  the  line  Hp  falls 
on  the  other  fide  of  the  circumference,  and  the  fum 
of  thefe  areas  is  that  comprehended  by  FT  pro- 
duced, Ffi  and  the  tangent  to  q ;  and  the  differ- 
ence of  thefe  areas  is  the  femicircle,  generated  in 
the  time  of  defcribing  QA#  ;  and  in  the  time  of 
defcribing  the  whole  circumference,  the  whole  cir- 
cle will  be  generated. 

[ib.  cor.  4.  that  is,  as  the  diameter]  Suppofe  Qp 
to  be  the  double  diftance  of  the  moon  from  the 
quadratures  -,  MK  the  fine  thereof.  Then  Kk  : 
Mp  :  :  MK  :  radius.  And  the  fum  of  all  the  Kk\ 
or  the  diameter  :  fum  of  all  the  Mp's  or  QAq  :  : 
lum  of  all  the  fines  :  fum  of  as  many  radii,  or  half 
as  many  diameters.     And  therefore  (multiplying 

the  antecedents  by —2_,  and  the  confequents  hy  2) 

Fp 

the  fum  of  all  the  fines  X  -~  :  fum  of  as  many 

i  G 

Fp 
diameters  :  :  diameter  X  ~^—  :  whole   circumfe- 

PG 

rence. 

[Prop.  35,  by  the  fame  increments  as  the  fine  of 
inclination  doth,  by  cor.  3.]  For  if  AEG  be  dou- 
ble the  diftance  of  the  nodes  from  the  quadratures, 
GED  will  be  double  the  diftance  of  the  nodes  from 
the  fun  ;  and  they  both  have  the  fame  fine. 

[ib.  Schol.]  Here  are  feveral  particulars  about 
the  moon's  motion  barely  laid  down  -,  many  of 
them  being  taken  only  from  observations. 

[ib.  pa,  299.-  The  force  of  this  ad'tion  is  greater] 
It  is  greater  the  nearer  it  is,  and  attracts  the  moon 
from  the  earth,  and  fo  dilates  the  orbit  the  more. 
But  the  further  off,  the  lefs  force,  and  the  lefs  th'c 
jnoon  is  drawn  from  the  earth.     And  at  a  greater 

diftance' 
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Fig.  diflance  fhe  moves  flower  j  and  at  a  lefs  diftanceV 

fafter. 

[ib.  further  I  found  that  the  apogee]  by  cor.  14. 

prop.  16.  B.  I.    And  if  a  be  the  fun's  mean  dif- 

tance,  and  a  ■+■  x  any  other  diflance,  then  the  mo- 

....             1            13*  1 

tion  will  be  as  — — ,f  or  — -  — -,  or  x 


x 


1  _  1^ ,  and  the  equations,  as  —  ,  or  as  x, 
a  a 

The  motion  of  the  fun,  that  is  the  angular  mo* 
tion,  is  reciprocally  as  the  fquare  of  the  diflance. 

[ib.  but  if  the  motion,]  let  v  be  the  velocity* 
m  the  mean  motion  of  the  fun.     Then  if  v  be  as 

I  I  ZX  2X 

or zzm  —  — -  m  -,  then  the  equa- 


IX  I  I  Q.X 

tion  is  — m.     But  if  v  be  as  •  or 

a  a+xl  &         a* 

—  m m,  then  the  equation  is  —  m.  And  the 

fir  ft  equation  to  the  fecond,  is  as  —  m  to  —  ^> 

a  a 

or  as  2  to  3.  And  hence  the  greateft  equation  of 
the  apogee  and  nodes  (fum  of  all  the  $—  m) :  their 

mean  motion  (m)  :  :  20  54/  30"  :  fun's  mean  mo- 
tion ♦,  the  greateft  equations  being  as  the  mean  mo- 
tions. 

[ib.  pa.  300.  By  the  theory  of  gravity  I  like- 
wife  found]  For  then  the  moon  being  nearer  the  fun 
fin  all  points  of  its  orbit  taken  together,),  the  fun's 
force  muft  be  greater. 

jib,  p.  301.  By  the  fame  theory  of  gravity  the 
action,]  For  when  the  fun  is  in  the  line  of  the 
nodes,  its  whole  force  is  exerted  in  moving  the 
moon,  and  none  in  moving  the  plane  of  its  orbit. 

[ib. 
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[ib.  By  the  fame  theory,  of  gravity,  the  moon's]  Fig. 
By  cor.  8.  prop.  66.  B.  I. 

[Pr.  36,  in  other  pofkions  of  the  fun,]  by  the 
reaibning  in  cor.  19.  pr.  66.  1^.  I.  deprefiion  of 
the  water  at  P  :  afcent  at  P  in  the  direction  PH  :  : 
(LM  :  TM  :  :)  PT  :  3PK;  and  afcent  at  P  in  di* 
rection  PH  :  afcent  at  P  in  direction  TP  :  :  (rad,  : 
S.PTK  : :)  PT  :'PK  •,  therefore  (ex  equo)  depreffion 
at  P  :  perpendicular  afcent  there  :  :  (PT2  :  gPK* 
:  :  i-PT2  :  PKa  5  but  the  force  PT  that  depreffes 
P  is  given,  therefore  the  force  to  raife  the  waters 
at  P,  is  always  as  PK%  that  is,  as  the  verfed  fine 
of  2 PTC  or  twice  the  fun's  altitude. 

Alfo  the  effects  of  thefe  forces  (by  cor,  34.  pr. 
66.  L.  1.)  at  different  diftances  from  the  fun  arc 
reciprocally,  as  the  cubes  of  thefe  diftances  -,  and 
therefore, 

Cor.  1.  The  fun  raifes  the  water  under  it  to  one 
Paris  foot  and  1 1  ~  inches, 

[Pr.  2J,  but  becaufe  of  the  reciprocation]  fee 
pr.  24. 

[ib.  and  the  fun's  force  in-—]  let  A  be  the  po-  60* 
fition  of  the  moon,  and  ATP  ~  angle  the  fun 
and  moon  makes  at  the  earth's  center ;  and  let 
PT  reprefent  the  force  of  the  fun,  which  divide 
into  the  forces  PK,  KT,  PK  acting  in  the  direc- 
tion of  the  moon  increafes  her  force,  KT  acting 
in  a  different  direction,  diminifhes  it;  and  there- 
fore PK  —  KT  (or  the  difference  of  the  fine  and 
cofine  of  the  angle  ATP)  is  the  abfolute  increafe 
of  the  moon's  force;  but  this  differs  not  much 
from  the  cofine  of  double  the  <C  ATP,  (in  an 
angle  of  iS0^  the  difference  zz  ,6310189)  and 
in  the  arches  o°  450  900  they  perfectly  agree.  Or 
thus, 

,    Let  qc  zr  moon's  force,  ca  —  fan's  force.     If  the  61, 
fun  is  in  n,  let  <C  ace  zz  2  <Ca;v,  then  ^or  qb  zz 

fum 
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Fig,  fum  of  the  forces,  cb'z=z  fun's  force,  in  that  pofitioa 
62.  =  cof  of  2  <Z  acn, 

[ib.  But  further,  the  force  of  the  moon]  for  let 
PT  be  the  whole  force  of  the  luminary  in  the  place 
P  Cor  in  D)  the  other  fide  of  (the  earth  ox)  its  pa- 
rallel •,  the  force  DT  =:  the  two  forces  DK,  KT. 
When  the  luminary  is  in  D,  the  force  to  move  the 
water  in  the  direction  TP,  is  TK ;  and  the  differ- 
ence of  thefe,  or  (TP  —  TK  =)  PK  is  the  differ- 
ence of  the  forces  in  the  points  P,  D  %  or  the  abfo- 
lute  force  to  move  the  fea  at  the  lat.  CTP.  But 
PK  is  OC  D  fine  of  ATP,  or  as  D  cof.  CTP. 

Then  fince  L  4-  S  is  the  whole  force  when  the 
moon  is  near  the  iyziges,  and  L  —  S  in  the  qua- 
dratures. Therefore  0,8570327  L  rauft  be  fub- 
frituted  for  L  only  in  the  quantity  L  —  S,  wThich, 
•reprefents  her  force  in  the  quadratures. 

[ib.  from  whence  we  have]  alfo  1,017522  L 
muft  be  fubflituted  for  L,  in  L  ~j-  S,  which  repre- 
fents her  force  in  the  fyziges '%  and  0,9530427  L 
for  L,  in  L  —  S,  when  Hie  is  in  the  quadratures  •, 
for  thefe  reprefent  her  attractive  forces  in  the  fy- 
ziges and  quadratures. 

[Pr.  38.  as  the  accelerative  gravity]  for  if  the 
diameters  be  given,  the  forces  to  raiie  the  water 
will  be  OC  abfolute  forces  ;  and  if  the  abfolute 
forces  are  given  'the  fpheres  will  be  reduced  into 
fimilar  fpheroids,  for)  the  perturbating  forces  will 
be  as  the  diameters  (for  the  perturbating  force  is 
OC  PT  fig.  pr;  25.)  Therefore  if  neither  be  given, 
the  forces  to  raife  the  water  in  the  moon  and  earth, 
are-  in  the  compound  ratio  of  the  earth  to  the 
moon,  and  the  moon's  diameter  to  the  earth's  di- 
ameter;  or  as.  1 090  to  100  j  therefore  the  water 
rifes  to  93-  feet  in  the  moon. 

No  notice  is  taken  here,  of  the  tides  being  lefs 
by  reafon  of  the  moon's  motion  round  the  earth, 
than  if  (he  flood  (till  in  a  given  pofition.     Since 

tho. 
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the  motion  of  the  tides  reaches  90°  for  every  ebb- Fig. 
bing  and  flowing ;  it  would  ieem,  that  the  faid 
motion  could  not  be  propagated  thro'  90°  to  its 
greateft  height,  in  the  time  the  moon  flays  in  the 
meridian  But  (by  a  computation  from  pr.  44.  II.  J 
it  appears,  that  water  will  ofciliate  in  a  canal  of  900 
in  length  in  -J-  of  an  hour ;  and  therefore  in  that 
time  the  tides  will  be  propagated  to  that  diftance, 
and  rife  to  their  higheft  -,  but  the  pofinon  of  the  moon 
in  that  time  is  not  fenfib'y  altered  ;  and  therefore 
the  tides  would  rife  no  higher,  tho'  ilie  were  al- 
ways to  ftand  in  a  given  pofition.  But  this  fup- 
pofes  that  there  is  depth  enough  of  fea,  to  Tupply 
water  fufScient  for  the  purpofe. 

[Lem.  1.  to  Pr.  39.  to  recede  towards  this  fide 
and  that  fide]  that  is,  all  the  parts  of  AC  to  act 
in  a  direction  towards  the.  fun  ;  the  parts  of  CE, 
directly  from  it. 

[Lem.  2.  The  matter  in  the  circumference  of 
every  circle  IK]  by  this  is  meant  the  circular  ring 
(in  the  plane  of  the  circle  IK)  comprehended  be- 
tween the  furfaces  of  the  fphere  and  fpheroid. 

[Lem.  3.  about  the  fame  axej  he  means  about 
its  diameter. 

fib.l  J.  Let  ABD  be  a  fpherical  furface,  and  63, 
AEFD  a  circumscribing  cylindric  furface,  and 
their  common  thicknefs  the  infinitely, fm'all  line  B£ 
or  ha.  Divide  AC  into  an  infinite  number  of  equal 
parts  ==  in  zz  <%■,  and  erect  the  planes  id,  ne ;  then 
the  furfaces  of  the  fphere  and  cylinder  compre- 
nended  thereby  are  equal.  Now,  flux,  mot.  cyl. 
furface  :  flux.  mot.  fph.  furface  : ':  (as  their  matter 
X  velocity,  and  the  matter  is  given,  and  therefore, 
as)  CB  X  x,  or  id  x  x  :  ufxx.  And  mot.  cyl. 
furface  :  mot.  fph.  furface  :  :  as  all  the  C8  x  X  : 
to  all  the  ufx  X  :  :  AD1 :  area  of  the  circle  ABDG, 

Again.     Let  ABD  be  a  fphere,  and  AEFD  its  5, 
(circumfcribing  cylinder  -,  EGA  a  cone,  ail  revolv- 
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Fig.ing  round  AD.     Divide  BC  into  an  infinite  num- 

64.  ber  of  equal  parts  zz  bd  zz  x.  Thro'  the  points 
draw  fpherical  furfaces  bgd  concentric  to  ABD,  and 
cylindric  furfaces  bf  terminated  at  the  line  EC. 
Then  (by  what  went  before;  mot.  cyl.  furface  bdf: 
mot.  fph.  furface  bdg  :  :  ADa  :  circle  ABDG. 
Therefore  mot,  all  cyl.  furfaces,  or  the  folid  EBC  : 
mot.  all  the  fph.  furfaces,  or  ihe  fphere  :  in  the  fame 
given  ratio  of  AD2  :  to  circle  ABDG. 

65.  Further,  flux.  mot.  cyl.  round  its  axis  OC  flux, 
mot,  x  velocity,  that  is    OC  ef*xx9  or  xzx.   And 

the  whole  motion  is  OC  — .      And  therefore  the 

motion  of  a  cylinder  round  its  axis  OC  length  X 
cube  of  its  diameter,  x  denfity ;  or  as  its  weight 
X  diameter. 

66.  Laftly,  let  EBCA  be  a  cylinder,  and  ECA  a 
cone.  Then  flux.  cyl.  mot.  :  flux.  con.  mot.  :  : 
AE*  x '■* ',:  ha?  X  x  :  ;  CA?  x  *  f  Cb>  x  x,  or  as 
r>x  :  x*x.     Mot.  cyl.   round  its  axis  :  mot.  cone 

round  its  axis  :  :  rzx  :  —  :  :  (when  x  n  r  zz.  CA) 

4 
*  4  :  1 .     Therefore,  mot.  cyl.  :  mot.  fig.  EBC  (  n 
difference  of   mot.  of  cylinder  and  cone)   :  :  4  : 
f4  —  1  zz)  3.  hence  it  follows, 
Mot.  cyl.  :  mot.  foi.  EBC  1:4:3 

Mot.  fol.  FBC  :  mot.  fphere  :  :  diameter  a  :  circle, 

Therefore,  ex  equo, 
Mot.  cylinder :  mot.  of  fphere  :  :  4  diam.  D  :  3  circle. 

Or, 
Mot.  fphere' :  mot.  cylinder  :  :   3  circles  :  4  diam. 

fquare. 
67.       II.  Flux.  met.  cyl.  :  flux.  mot.  of  a  ring  (or  pe- 
riphery]   of  the  fame  diameter  and  matter  :  :   (as 
velocity  x  flux,  matter,  as)  x*x  :  rxx.     And  mot. 

cyl.  :  mot.  rmg  :  :  —  :  —  :  :  (when  x  zz  r)  2  :  3* 
3        ^ 

And 
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And  mot.  cyl.  :  mot.  any  ring  :  :  2  cylinders  :  3  Fig, 
rings. 

_  III.  Let  ED  =  z ;  and  let  z  be  given  •,  then  68. 
yz~rx.  Now  flux.  mot.  ring  round  C  :  flux. 
mot.  ring  round  AB  :  :  rz  :  yz  or  rx.  Therefore 
mot.  ring  round  C  :  mot.  ring  round  AB  :  rz  :  rx  :  : 
(when  x  —  r)  AD  :  AC  :  :  circumference  :  2  dia- 
meters. 

Therefore  from  the  1,  2,  3  Art  it  follows,  est 
equo,  that  the  motion  of  a  fphere  :  motion  of  a  ring 
round  their  axes  :  :  as  the  matter  in  the  cylinder 
and  ring,  and  6  X  circumference  x  circle  :  24  diam. 
cube  :  :  or  as  fquare  of  the  quadrantal  arch  :  to 
fquare  of  the  diameter  :  :  that  is,  as  matter  in  the 
cylinder  to  matter  in  the  ring,  and  61685  :  to 
1 00000  -,  or  as  the  matter  in  the  fphere  to  the  mat- 
ter in  the  ring,  and  925275,  to  1000000. 

[Pr.  39.  (for  the  reafons  above  explained),]  for 
fby  cor.  2.  pr.  30.)  mean  horary  motion  of  the 
nodes  :  16"  35<"  it""  36v  :  :  AZ1  :  AT\ 
And  the  fum  of  all  the  mean  horary  motions 
throughout  the  year  :  fum  of  as  many  16"  35/7/, 
&c. :  :  fum  of  all  the  AZ"  :  fum  of  as  many  ATE* 
:  :  (by  Lem.  1.  pr.  39  )  1:2-,  for  the  diurnal  ro- 
tation, and  annual  motion  of  the  earth,  are  fup- 
pofed  uniform. 

[ib.  But  becaufe  the  plane  of  the  equator.]  For 
by  prop.  30,  the  disturbing  force  is  as  3PK,  (and 
in  that  prop  the  inclination  of  the  planes  being 
fmall  is  not  taken  notice  of,)  but  when  the  plane 
of  the  orbit  of  P  is  inclined  to  the  ecliptic,  the 
line  PK  is  projected  frito^K,  and  the  force  will 
therefore  be  diminifried,  in  the  ratio  of  PK  to  />K, 
or  as  the  radius  to  the  cofme  of  inclination  ;  for 
the  difference  of  the  diftances  of  ?  and  T  from 
the  fun  become  lefs  in  that  proportion,  and  the 
difference  of  the  forces  are  diminifned  in  the  fame 
ratio. 

G  2  This 
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Fi^.      This  being  a  proportion  of  great  difficulty,  de- 
pending upon  very  intricate  calculations,    which 
few  people  are  judges  of  -,  for  this  reafon,  the  Au- 
thor's demonftrations  have  been  objected  to,  and    . 
cenfured  by  fome   people  as  not  true.     And  Mr. 
Simpfon  (in  his  Miicellaneous  Tracts)  mentioning 
fome  of  thefe  Cavillers,  falls  into  the  fame  notion. 
He  has  invented  a  fort  of  motion  (which  he  calls 
Momentum)  unknown   to  Sir  T.  Newton,    or  any    . 
body  elfe,    and  which  differs  from  Sir  Ifaac's,  in 
the  ratio  of  800000  to  925725.     But  1  never  be- 
fore heard  of  any  motion  that  was  not  made  up  of 
the  quantity  of  matter  and  velocity. 

Another  frivolous  objection  he  makes,  is  about 
the  motion  of  a  ring  being  different  from  that  of 
the  equator.  And  he  tells  us,  that  the  motion 
{Momentum)  of  a  ring  round  its  diameter  is  only 
half  of  what  it  would  be,  when  revolving  in  its 
plane  round  the  center.     But  it  is  more  than  half, 

for  it  is  as  1  to  21—1 — ,    as   is    demonftrated    in 

2 
Art.  III.     What  he  writes  afterwards  (tho'  he  fays; 
it  is  evident,)  is  not  intelligible.     But  he  concludes 
at  laft  in  his  way,  that  Sir. I.  Newton  has  made  the 
preceiTion  (by  the  fun's   force)  to  be  but  half  of 
what  it  ihould  be.     And  as  fome  he  mentions  had 
made  the  whole  proportion  erroneous,  he  modeftly 
aicribes  but  two  mifiakes  to  Sir  Iiaac  in  this  one  pro- 
portion.    But  I   believe,  that  whoever  reads  the 
foregoing  Notes,  will  foon  be  convinced,  that  his 
e'emonftrations   are  all   right,    and   that  all    thefe 
blunders  they  tell  us  of,  are  entirely  of  their  own 
making,  and  mud  b  -d  to  themfelves  only. 

fLem.  4.  p.  326.     Wherefore  if  both  die  quan- 
tity of  light,]  for  quantity  of  light  is  as  the  quan- 
tity the  body  receives  from   the  fun  directly,  and 
»  the  of  the  diftance  from  the  body  recipro- 

cally -, 
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cally  ;  that  is,  OC  fquare  of  the  apparent  diameter  Fig.- 
directly,    and  fquare  of  the  body's  diftance  from 
us,  reciprocally  :  therefore  the  body's  diftance  is  as 
the  apparent  diameter  directly,  and  s/  light  reci- 
procally. 

[Pr.  40.  cor.  4.]  For  then  the  parabola  and 
earth's  orbit  touch  in  the  vertex,  and  the  area  there 
will  be  —  i  velocity  x  diftance  or  radius  or  ~  pa- 

rameter,  that  is  =   I000°  *  ^21^  and   ' 

2 

10000  X  yai3*44  for  the  diurnal  and  horar7  mo. 

2 
tion.     The  reft  is  plain  from  Pr.  14.  L.  L 

[Lem.  5.]  For  the  ordinates  AH,  BI,  CK,  &c. 

Put  a>   2a,    %a>  &c.  and  take  the  differences  as  r 

69; 


follows. 

a 

2a         %a 

4a 

$a 

6a 

b 

2b 

3* 

4b 

5t> 

C                  2C 

3' 

Ac 

d 

2d 

3d 

e 

2e 

Now, 

to  find  any  ordinate  as  4^, 

we 

■  have  4a  t 

30  —  %b  : 

■=.  2a  —  2b 

zz      a 

— 

b 

—  2^  4 

■  2C 

— 

2X 

[b  +  2XC 
+       c 

-{-  d  ±=  a 

—  %.b  +  2.C  - 

-d. 

and  lb  of  others. 

G  3  Cafe-. 
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Fio\      Cafe  I.  If  we  fubftitute  for  p>  q,  r,  &c.  their 


equals,  we  (hall  have 

RS 

zz  a 

-f-  bx  — 

SH 

~ 

*\-  cx  — 

■SHx  — 

IS 

2 

+  <*X- 

-SHx- 

■sJx 

2 

SK 
.4 

+  *x- 

-SHx- 

-Ex 

2 

SK 
3 

+  /x- 

-SHx- 

2 

SK 
3 

X^X^c. 

4        5 

Now  let  RS  fall  upon  any  ordinate,  as  for  ex- 
ample on  LD,  then  SH,  SI,  SK,  SL,  &x.  will  be 
zz  LH,  LI,  LK,  0,  &c.  zz  3,  2,  1,0,  &c.  refpec- 
tively,  which  being  written  in  the  aforefaid  feries, 
we  have 

RS  zza  —  3J  —  3x—c-r3X  —  X  — 
2  23 

4-  0  £  zr  ^  —  3.$  4-  q.c  —  J,  which,  by  what  went 
before,  is  the  value  of  the  ordinate  DL  ;  and  Mnce 
this  holds  generally,  it  is  plain,  this  feries  will  give 
the  value  of  RS  wherever  it  falls. 

Cafe  If.  Let  x  reprefent  any  bafe  HS,  y  any  or- 
dinate RS.  A ffu me  y  zz  A  4-  B#  4-  [-xxx  —  F 
4-  Da?  Xx — F,  X  #-— Q,  continued  to  as  many 
terms  as  there  are  ordinates,  which  fuppofe  four  ; 
P,  Q,  R,  &c.  being  refpeclivejy  -HI,  HK, 
HL.  Then  putting  AH,  BI,  CK,  DL,  fuccef- 
fively  for y,  and  0,  HI,  HK,  HL  for  x,  we  mall 
have  from  the  general  equation,  AH  zz  A,  BI  zz 
A  4-  BP,  CK  =  A  +  BQ  4-  CQ  x  Q~P,  DLzz 


A  4-  BR  4-  CR  x  R  —  P  -f  DR  x  R—PxR— Q, 
uthat  is,  from  the  figure, 

V 

AH 


&• 
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AH  zz  A  zz  a,  Fjo- 

EI  =  A  +  B  X  HI.  et 

CK  zz  A  +  B  x  HK  +  C  x  HK  x  IK. 
DLzz  A+BxHL  +  CXHLxIL+  D  xHLxILx 
KL. 

Whence  by  Subtraction: 
AH  —  BIzz  —  BxHI, 
BI  — CKzz— Bx  IK  — Cx  HK  X  IK. 

CK  —  DL  zz  —  B  x  KL  —  C  x  HK  +  IL  x  KL 
—  D  x  HL  x  IL  x  KL. 

Then  dividing  by  the  coefficients  of  B. 

HI 

5Izi£!£  =  —  B  —  C  x  HK  =  2b. 
IK 

CK  — DL 


zz—  B  —  CxHK  +  IL  —  D  x  HL 
X  IL  zz  3b. 

Again  by  Subtraction. 

2—  2£zzCxHK. 
lb  —  $b  zz  C  x  IL  +  D  X  HL  x  IL.  And  dividing 

**""*  3*  zz  C  +  P  xHL  zz  2^    Alfo 
c  —  2c  zz  —  D  X  HL,  and 

C  2C 


zz  —  D  zz  d. 


HL 

Thus  the  coefficients  A,  B,  C,  &c.  are  deter- 
mined for  four  ordinates,  and  they  are  found  the 
fame  way,  if  more  ordinates  are  given.  Then 
taking  x  at  pleafure,  as  fuppofe  zz  HS,  then  RS 

or  y  will  be  a  +  bx  -\~  ex  xx  —  ?  +  dxy>x  —  P 
G  4  X 
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Fig.  x  x  —  Q,  &c   =  a  +  b  xp  +  c  Xp  X  IS  +  d  X 
/>  x  IS  x  SK,  &c.  =z  a  -\-  bp  -\-  cq  -\-  dr,  &c. 

69.  [Cor.  L  em.  8.]  for  then  AC  :  iWf—  Al  —  H)  : 
Av.C  :]  hfy—tipi  =  A%— efy*X),  and  : :  ASC 
AS<?  (Proper.  10.  :  :  (A,wC  +  ASC  =)  ASQ*A 
(AcVy  —  dpx  +  A'S£  —  AS%A  —  4'^  z=  (becaufe 
AV^/«  and  <£S/a  are  equal)  AS%A  —  4**  -h  *'<fy* 
—  S*>  =  AS^djA  —  Sty,  zz)  ASyJyA  ;  :  time 
of  defcribing  AuC  :  time  of  describing  Ayp. 

[ib.  SchoL]  For  Bn  will  cut  the  chord  AC  in  a 
point  a  little  beyond  F  (towards  C),  fuppofe  at  e. 
Now  the  area  AEX/aA  to  the  area  AGY/*A3  is  in 
fomething  a  greater  ratio  than  AE  to  AC,  as  fup- 
pofe  as  At?  to  AC,  more  near  than  before.  There- 
fore ASEX^A  :  ASCY^A  :  :  he  :  AC.  Whence 
ASBX^A  (or  ASEX^A)  :  ASCY^A  :  :  Ae  :  AC. 
Or  A-BY/-.A  :  ASCY^A  :  :  (A<? :  AG: : )  time  in 
AB  :  time  in  AC.  very  near. 
,  [Lem.  10.  to  the  triangle  ASC,  that  is,]  AC,* A  ' 
ASC  :  :  AC  x  yM^  :  AC  x  4-SM  (becaufe  the  <'s 
SMA  and  AI,a  are  equal,  and  M,«,  zz  la.) : :  AC  X 
ij-M/A  :.  AC  x  SM  :  :  MN  :  SM.  And  by  compo- 
fition  ASC^A  :  ASC  :  :  SN  :  SM.  _ 

[Lem.  11.  Subduplicate  proportion  of  1  to  2,} 

AC 
and  therefore  —  — = .     And  the  arch  in  half  the 

time  zz  *L.  And  £1*  -  2SP  ~  ^L    =  fpace 
v/a  2      *  4SP 

defcribed  in  defcending. 

[Prop  41.  and  BE,  by  Fern.  11,  is  a  portion,] 

*S  and  this  hypothenufe  (mentioned  in  the  prop.) 

are  the  diftances  of  the  earth  and  comet  from  the 

fun.     Now  BE  to  tW  is  compounded  of  BE  to  the 

part  of  the  hypothenufe  'projected  into  BE)  or  of 

BS  to  the  whole  hypothenufe,  and  of  that  part  of 

the  hypothenufe  to  /V3  that  is,  as  the  gravitating 

forces 
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forces  at  the  comet  and  earth  ('for  thefe  lines  would  Fig. 
be  defcribed  by  falling   bodies  iri  equal  times,   by 
thefe  forces),  that  is,  as  St1  to  hypothenufe  fquare. 
And  therefore  BE  :  /V  :  :  BS  x  Stz  :  hypothenufe 
cube. 

Further,  becaufe  of  the  immenfe  diftance  of  S,  7°* 
any  of  the  points  B,  /,  p,  are  nearly  in  the  curve 
of  the  parabola,  and  ,«.  the  vertex,  and  ,«£>,  i>,  q<r 
nearly  parallel.  Therefore  <C  I/J  zz  (by  reafon  of 
the  rectangle  I/>a)-  <C  py>L  or  zz  S*L.  There- 
fore pi  is  the  diameter  to  the  vertex  y< ;  alio  £<r  zz 
(by  ccnftruction)  gSo-  4-  3 a  zz  3SS--  -f-  3IV.  —  380- 
4-  %u.p  zz  (becaufe  20a-  zz  ^u.p)  3S5-  +  20<r.  And 
therefore  gO  ==  383-  +  3CV  zz  3OS.  But  ^.O  : 
I/u, :  :^cr :  I/>.  But  f*I  is  bifecled  by  ix  -,  therefore 
\p  zz  2l\  •,  and  p?  zz  L\  zz  £Ip  (fince  la-  zz  3U  by 
conftruction) ;  therefore  uO  zz  ^mI.  Whence  (by 
Lem.  8.)  a  line  drawn  from  £  divides  the  chord 
AC  nearly  as  the  time  ;  whence  BE  drawn  towards 
g  is  rightly  drawn.  But  (by  conftruction)  new  BE  ; 
former  BE  :  :  BS' :  Sp  -f-  U  >P  :  :  as  the  gravita- 
ting force  at  the  diftance  S/t*  +  4-z'a  :  to  gravitating 
force  at  the  diftance  B  or  u  :  :  {pace  fallen  thro'  at 
the  diftance  -  Sj*  -f-  -L;  ,  in  the  time  of  defcribing 
the  arch  iAy.C  :  fpace  fallen  thro'  at  B  or  «,  in  the 
fame  time.  But  former  BE  zz  fpace  fallen  thro'  at 
y,.  Therefore  new  BE  zz  fpace  fallen  thro'  at  _the 
diftance  S^  -f  Ux^  (in  half  the  time  the  comet  de- 
fcribes  the  arch  intercepted  between  TA,  rC  zz 
(by  Lem.  n.)  /a,  or  this  new  BE  nearly  ;  which 
therefore  is  rightly  determined,  nearer  than  before. 

Becaufe  the  diftance  of  the  fun  and  comet  is 
fcmething  more  than  the  hypothenufe  of  the  trian- 
gle, whole  bale  is  S,<*  and  perpendicular  IO  (bs- 
caufe  O  is  only  a  point  in  the  chcrd,  which  mould 
be  in  the  arch),  therefore  he  fuppofes  that  diftance 
zz  hypothenufe  (whofe  bale  is  S/*  -h  t'a>  £fid  Per~ 

pendicular 
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Fig.  pendicular  IO,  that  is)  =  DO.  AlfoMP  :  X: :  (by 
70.  conftruction)  \/S/ :  v/OD  : :  (by  cor.  6.  pr.  16.  I.) 
velocity  of  the  comet  at  diftance  DO  :  velocity 
thereof  at  diftance  St :  :  fpace  defcribed  (uniformly) 
at  the  diftance  DO,  and  in  the  time  of  defcribing 
the  arch  ABC  :  fpace  defcribed  (uniformly)  at  the 
diftance  S/,  in  the  fame  time,  which  is  zz  X  by 
conftruclion  ;  and  therefore  MP  —  fpace  defcribed 
(uniformly)  at  the  diftance  DO,  (in  the  time  that 
the  arch  ABC  is  defcribed)  =  (by  Lem.  io.  cor.) 
to  the  chord  of  that  arch. 

The  poinds  e,  a9  c,  g  ♦,  and  sj  a,  %>  y,  being  found 
out  as  E,  A,  C,  G,  before ;  is  with  an  intent  to 
find  at  laft  MP  =  MN,  or  AC  =  AG.  Where- 
fore feveral  of  them  being  thus  found,  and  a  fim- 
ple  curve  (viz.  a  circle;  drawn  thro'  thefe  points, 
finds  the  points  Z  and  X  where  thofe  lines  would 
be  equal ;  for  the  nearer  they  approximate  to  equa- 
lity, the  nearer  they  come  to  the  true  points  of  the 
comet's  orbit. 

Further,  velocity  of  a  comet  at  Q  (in  a  para- 
bola) :  velocity  of  a  comet  at  Q  (in  a  circle)  by 
cor.  7.  pr.  16.  I.)  :  :  ^/2  :  1  :  :  (nearly  as)  4.  :  1. 
Alfo  velocity  at  Q  (in  a  circle)  :  velocity  at  /  (in  a 
circle,  by  cor.  6.  pr.  4.  I) :  :  ^/St :  \ZSQ±  There- 
fore, ex  equo,  velocity  of  the  comet  at  Q,  in  a 
parabola  :  velocity  of  the  earth  in  its  orbit  at  /  :  : 
■±v/S/  :  \/$Q.  But  velocity  of  the  comet  at  Q  : 
velocity  of  the  earth  at  /  :  :  ^nearly  as)  AC  :  Tr. 
Therefore  AC  :  Tr  :  :  $/$$  :  v/SQ/»  or  AC  : 
|TT  :  :  \/§t :  v/SQ^  As  it  is  by  conftruclion  (for 
AC  is  to  ±Tt  in  the  reciprocal  fubduplicate  ratio 
of  SQ^to  S/,  and  not  in  the  direct  fubduplicate  ra- 
tio, as  is  falfely  printed  •,  therefore  Q  is  (nearly) 
in  the  chord  of  the  parabola,  and  B  a  point  of  the 
cornet's  orbit,  nearly. 

Laftly,  if  MP  zz  MN,  or  AG  =  AC.  Then 
Xb :  YB  :  :  Yc  :  YE  :  :  ac  :  AC :  :  velocity  in  b  : 

velo- 
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velocity  in  B  :  :  v/SB  :  y/Sb.     But  if  Sb   zz  SB  Fig. 
and  MP  or  AG  invariable  •,  it  will  be  Xb  :  YB  :  :  as  70. 
ac  or  AG  :  AC,  when  the  point  G  falls  in  CY. 
Therefore  imiverfaliy  Xb  :  YB  :  :  AG  X  s/SB  : 
ACxy/^b  :  :  MP  X  1/SB  :  MN  X  y/Sb,    to 
find  the    point  b  true. 

Lib.  p.  352.  may  be  feen  in  the  following  table.] 
The  places  of  the  comet  in  this  and  all  the  other 
tables,  are  the  geocentric  longitudes  and  latitudes 
of  the  comet. 

fib.  p.  358.  And  thinking,  &c]  In  plate  18, 
while  the  comet  paries  thro'  1,  K,  L,  M,  &c.  the 
earth  paffes  from  between  P  and  K  towards  G. 
Whence  the  comet  will  move  fwift  thro'  LKL,  and 
NOP •,  flower  thro'  LBM,  and  QRS,  as  is  faid  in 
the  foregoing  page  357. 

[ib.  p.  360,  as  about  6  to  1000,]  for  by  page 

348,9.  lat'  rea'    =  6,  nearly  ;   when  earth's  dill,1 

4 
rz  1 000. 

[ib.  p.  366.  I  found,  that  at  the  height,  &c]  7r5 
Let  SA  =  rad.  earth  zz  20950000  Englifh  feet, 
nearly,  AB  zz  850,  AF'zz  AS,  and  the  denfities 
AH  and  BI  are  as  33  to  32.     But  (by  cor.  2.  p. 
22.  IT.  J  ha  —  Bb  :  ha  —  F/  : :  thin  :  thnz  •,  that  is,' 
ABxSF,  orzABxSA:  AFxSB,  orSBxSA:: 
thin  :  thnz  ;  or  2  AB  :  SB  :  :  thin  :  thnz  ;  that  is,  1  : 
12324  :  :  thin  :  thnz : :  (by  fchol.  prop.  86.  hyper- 
bola,) log.  St  —  log.  Su  :  log.  St  —  log.  Sz  :  : 
,013364:  1.5 1 85 1 4  —  log.  Sz.  Whence  log.  Szzz 
—  164.820578;  and  SZ  or  FN   zz  ,  (ol63  cypher,) 
66  +.      Wherefore  FN  :  AH  :  :  ,ol63  66  :  33  :  : 
or  as  2  :   iol6s  :  :  1  :  iol64  :  :  denfity  in  F  :  den- 
fity  in  A.     But  diameter  of  Saturn's  orb  is  zz  191 
times   the  femidiarneter  of  the  orb's  magnus   zz 
191  X  20000  radii  of  the  earth  zz  191  x  20000  x 
20950000  x  12  inches  zz  96  o15  ~f  inches.     And 
2  iphere  of  1  inch  diameter  :  to  this  fphere  :  :  as  1  : 

960 
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Fig.  960^  :  :  1  :  88  o«  +  •,  but  io,64  >  8  o*+.  There- 
fore, &c. 

[Prop.  42.)  the  correction  of  the  orbit  here 
given  is  computed  by  the  rule  of  falle;  ift,  for  the 
longitude  of  the  node,  by  operation  1  and  2,  and 
2dly  for  the  inclination  of  the  orbit,  by  operation 
1  and  3. 

I.  for  the  longitude  of  the  node  •,  fince  (by  con- 
ftruction)  time  of  defcribing  D  :  time  of  defcribing 
E  :  :  D  :  E  :  :  G  :  1  •,  and  (time  of  defcribing  E, 
nearly  zz)  time  B  :  time  A  :  :  1  :  C  •,  therefore 
{ex  equo)  time  of  defcribing  D  :  time  A  :  :  G  :  C  ; 
therefore  G  —  C  is  the  error  of  the  times  between 
the  firfb  and  fecond  obfervations,  for  the  given  lon- 
gitude of  the  node  K,  and  the  given  inclination  of 
the  orbit  I.     Again, 

Time  of  defcribing  d  :  time  of  defcribing  e  :  : 
d  :  e:  :g  :  1  ;  and  time  of  defcribing  e  (nearly  =z) 
time  B  :  A  :  ;  1  :  C  ,  therefore  time  of  defcribing 
d  :  time  A  :  :  g  :  C  -,  and  g  —  C  is  the  error  of 
time,  between  the  two  firft  obfervations,  for  the 
longitude  K  +  P,  and  inclination  I  -,  therefore  by 
the  rule  of  falfe,  by  two  pofitions  (which  fays,  diff. 
er.  :  diff.  pofitions  :  :  either  er.  :  correction  of  its 

pofition),  G  —  g  :  G  —  C  :  :  P  :  5jTl£  P  -  the 

G  —  g 

correction  of  K,  or  the  computation  may  be 
thus,  fince  to  the  fuppofition  K  and  K  -f  P,  the 
errors  between  the  firft  and  third  obfervations,  in 
thefe  two  cafes,  are  T  ■ —  S,  and  t  —  S  ;  there- 
fore T  —  i\  T  —  S  :  ;  P :  T~"S  P  =  the  fame 

T—  / 

correction  of  K  \  therefore  mF  (is  to  be)  —  — P 

x       t 

—   >  P  ;  and  therefore  mT  —  mt  =3  T  —  S  5 

G—  g 
and  mG  — 5  mg  =  G —  C. 

II.  For 
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II.  For  the  inclination  of  the  orbit,  it  is  plain  Fig^ 
T  —  S  r  firft  error  of  the  times  between  the  firft 
and  third  obfervations,  to  the  given  node  K,  and 
inclination  I  ♦,  and  r  —  S  zz  error  between  the 
firft  and  third  obfervation,  to  the  node  K,  and  in- 
clination 1  +  Q^     Therefore  (by  the  rule  of  falfe), 

T  —  T  :  T  —  S  : :  Q  :  T  ~~  S  Q  zz  ccrrec^on  of 

T  —  r 

I  •,  again  this  time  of  defcribing  <>  :  time  of  def- 
erring £  :  :  $  :  s  :  :  y  :  1  ;  and  (time  of  defcribing 
z  —  nearly)  time  B  -  A  :  :  1  :  C  :  ergo  time  of  def- 
cribing i  :  A  :  :  y  1C1  therefore  y  — -  C  zz  error 
of  the  times  between  the  firft  and  fecond  obferva- 
tions, to  the  node  K  and  inclination  I  +  Q ;  and 
G— C  was  the  error  between  the  firft  and  fecond  ob- 
fervations, to  the  node'K  and  inclination  I-,  therefore  (as 

before;  G  —  y  :  G  —  C  :  :  Qj  G  "  C.  Q  zz  cor- 

G  —  y 

7" .  c 

reclion  of  I }  therefore  nQ  (mufi  be)  zz 1  Q 

T  — -  r 

zz^"~CQ   and  nT  —  nr  zz  T   —  S,    and 

G  y 

nG  —  ny-G  —  C.  Laftly,  from  I  and  II.) 
2 T  —  2S  zz  tnT  —  fat  -j-  nT  —  n-  %  and  iG  —  2C 
zz  mG  —  nig  -f-  nG  — ny  *,  therefore  the  numbers 
m,  n  are  rightly  found. 

[ib  and  laftiy,  if  in — }  becaufe  the  longitudes 
in  the  firft  and  fecond  orbits  are  K  and  K  +  m?y 
therefore  the  latus  reetums  will  be  R  and  R  -fr  —  K 
X  m\  and  becaufe  in  the  firft  and  third  *  orbits 
or  planes  thereof,  the  inclinations  are  I  and  I  -J-  «Qj 
therefore  the  latus  reclums  will  be  R  and  R  -f- 

£  —  ^  xn*  or  ^  "*~  r —  ^  x  m*  ^  R  +  r  '-**,  R 
X  m  -r-  0  —  R  X  n. 

-  Or  thus;    if  the  longitude  K  be  increafed  (in 
op.  1,2.)  by  P,  then  {' .  ice  of  t 

fcerl- 
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perihelion  from  the  fun  is  increafed  accordingly), 
the  latus  rectum  will  be  increafed  by  r  — ■  R,  and 
if  the  longitude  be  increafed  by  ;/zP,  the  latus  rectum 
will  be  increafed  by  mr  —  R.  And  for  the  fame 
reafon  (in  op.  I,  3.)  if  the  inclination  be  increafed 
to  «Q,  the  latus  rectum  will  be  increafed  to  N^-— R 
(for  at  the  increafe  Q,  the  increafe  of  the  latus 
rectum  is  zz  g  —  R,  fmce  the  whole  is  f,  or  R  + 
£  —  RJ  •,  therefore  if  both  longitude  and  inclina- 
tion be  increafed,  the  latus  rectum  will  be  increafed 
in  both  thefe  refpects,  and  will  become  R  +  mr 
—  mR  -F  H  — -  nR. 

Alfo  when  K  becomes  K  +  P,  the  tranfverfe 

becomes; — — ;  or  y  ;  alfo   when  K   becomes 

L  +  / — JL      * 

K  +  ^P  the  tranfverle  becomes -,  for  the 

fame  reafon  when  I  is  increafed  to  I  4-  /zQ,  the  tranf- 
verfe is — —  .     Therefore  when  both  longi- 

L-f/z.A— L 
tude  and  inclination  are  increafed,  the.  tranfverfe 

will  then  be - , 

L  -\-ml — mL,  -\-nx — nL. 

[ib.  Sch.  pa.  385,  the  comet]  for  by  pa.  360, 

comet's  dill. :  earth  did.  from  o  : :  6  :  1000  :  :  dift. 

comet  in  0  diameters  :  (earth's  dift,  in  o  diam.  zz) 

109  G  diam.  therefore  comet's  dift,  from  the  fun's 

center  zz  _2i.  zz  654  diams.  and  from  its  furface 
1000 

—,154  diams.  zz  —  fun's  diameter. 
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A     DEFENCE    of 

Sir  I.    N  E  W  T  O  N, 

AGAINST     THE 

Objections  that  have   been    made  againft 
feveral  Parts  of  the  Principia. 

Raro  antecedent  em  fcekftum^ 

Beferuit  pede  pcena  clando.     Hor.  Lib.  III. 

THIS  incomparable  Treatife  being  written  in 
a  concife  flile,  and  in  the  fynthetic  method, 
and  being  upon  fubjec"ts  quite  new  and  untouched 
before  ;  the  generality  of  readers  could  make  little, 
of  it.  As  it  contained  a  new  fyflem  of  Philofophy, 
built  upon  the  molt  fublime  Geometry,  the  great- 
eft  mathematicians  were  obliged  to  fludy  it  with 
great  care  and  attention  *,  and  few  became  mailers 
of  the  fubject ;  fo  that  for  a  long  time  it  was  little 
read.  But  at  lafl,  when  the  value  of  it  became 
more  known,  it  gained  univerfal  approbation  ;  and 
the  whole  world  fcood  amazed  at  the  numberlefs 
new  difcoveries  contained  therein.  And  upon  ac- 
count of  its  univerfal  agreement  with  all  the  pheno- 
mena of  nature-,  it  was  adopted  as  the  only  true 
fyflem  by  all,  except  fome  few  that,  thro'  envy  or 
ignorance,  were  bigotted  to  fome  other  fcheme. 

It  is  true,  many  things  therein  depend  upon  very 
difficult    mathematical    qomputations,     not   eafily 
comprehended  ry  every  reader ;  and  this  ; 
occafion  to  '■  to  quefiion  or  even  deny 

the  truth  of  feveral  pfopofitiohs  1  n  in  this 

book ; 
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book ;  and  have  therefore  given  computations  of 
their  own,  different  from  his,  which  they  affert 
for  truth  ;  and  thereby,  as  they  think,  proving  his 
to  be  falfe.  I  fhall  therefore  fpend  a  little  time  in 
anfwering  the  mod  material  of  theie  objections, 
and  ihall  fhew  :hat  thefe  principles  objected  againft, 
are  ail  true  in  the  fen fe  Sir  Ifaac  meant  them^  and 
that  thefe  .objections  are  only  the  effect  of  their 
own  ignorance  or  inattention. 

J.  Bernoulli  (Tom.  IV.  pa.  340)  thinks  New- 
ton's demonftratlon,  of  cor.  4th  to  the  laws,  is 
imperfect,  where  he  fays,  only  the  a£fion  of  two  bo- 
dies is  confidered.  And  lays  down  a  method,  by 
which  he  thinks  it  may  be  fully  demonftrated. 
But  at  laft  leaves  it  undemonftrated  himfel.f  -,  and 
tells  you,  that  this  is  the  foundation,  but  leaves 
the  calculation  for  others  to  make  out. 

But  Sir  I.  Newton,  after  he  had  fhewn  the  truth 
of  the  cor.  in  two  bodies,  fliews  that  the  common 
center  of  gravity  of  thefe  two  bodies  and  a  third, 
will  either  be  at  reft,  or  'move  uniformly  in  a  right 
line.  And  from  thence,  that  the  center  of  gravity 
of  any  two  (in  a  fyftem  of  bodies)  fuffers  no  change 
of  itate  by  their  actions  upon  one  another.  From 
whence  it  follows,  that  in  the  whole  fyftem,  all 
thefe  actions  (compofed  of  the  action  of  every  two) 
can  induce  no  change.  And  if  the  actions  of  any 
two  makes  no  difference  in  the  center  of  gravity 
of  the  whole,  ieparately  confidered  \  then  the 
actions  of  every  two  confidered  collectively  can 
make  no  difference.  This  is  certainly  (o,  tho'  de- 
livered in  a  few  words,  Sir  Ifaac  was  not  writing  to 
children. 

The  fame  Bernoulli  (pa,  347)  objects  againft  the 
10th  prop.  B.  II.  for  not  being  Iblved  in  a  way 
general  enough  to  pleafe  him,  Here  Sir  Ifaac  has 
folved  the  problem  according  to  that  law  of  re- 
finance which  really  exifts  -,  but  could  not  fpart 

time 
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time,  or  fill  up  his  book  with  ufelefs  enquiries,  or 
things  of  no  confequence.  His  noble  ftructure 
the  Principia  is  all  gold,  but  he  has  left  the  drofs 
for  fuch  authors  as  this,  who  are  fond  of  anything, 
and  will  ferve  well  enough  for  building  up  their 
fyltems.  This  author  in  particular  is  always  depre- 
ciating Sir  Ilaac,  and  extolling  his  own  performances-, 
tho'  they  are  long,  tedious  and  laborious  to  the 
laft  degree,  and  often  falfe  •,  altho'  he  has  the  ad- 
vantage of  the  analitical  and  fluxional  methods ; 
and  feems  to  be  ignorant  that  the  method  of  a- 
nalifis,  by  which  he  {Bernoulli)  folves  thefe  pro- 
lems,  is  incomparably  fhorter  than  the  method  of 
compofition,  in  which  Sir  Ifaac  has  writ.  Had  he 
written  the  Principia  in  the  analitic  way,  or  ac- 
cording to  the  method  of  Fluxions,  afciencethen 
utterly  unknown  to  the  world  ;  it  could  not  have 
been  read  by  any  man  living.  By  the  fame  way 
of  reafoning  this  boafting  mathematical  bully  may 
as  well  condemn  Euclid's  Elements,  or  Apollonius* 
Conies  -,  becaufe  moft  of  the  propofitions  may  be 
demonftrated  incomparably  fhorter  by  common 
Algebra. 

This  Author  feems  to  have  a  particular  fpite 
againft  the  Englifh  mathematicians,  being  always 
carping  and  criticifing.  His  works  are  full  of  in- 
vectives againft  Sir  I.  Newton  for  his  great  difco- 
veries,  which  this  low  Critic  is  unfuccefsfully  en- 
deavouring to  imitate.  When  one  perfon  has 
another  man's  works  to  look  thro',  he  muft  be  a 
great  blunderbufs  that  cannot  make  fome  fmali 
additions  •,  a  man  placed  upon  another's  moulders, 
will  fee  further  than  his  fupporter.  Yet  in  many 
cafes  he  has  difimproved  Sir  I.  Newton.  Sir  Ifaac 
had  a  work  entirely  new  to  execute,  in  a  fhort,  and 
general  way  •,  and  could  not  take  notice  of  every 
bauble.  This  authof  has  had  nothing  to  do  but  to^ 
imitate.  The  regular  works  of  the  one  will  live 
H  tW 
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thro'    all  ages ;    but  the    confufed  chaos  of  the. 
other  will  fink  into  everlafting  oblivion. 

The  fame  author  (pa.  484)  alio  objects  againft 
the  demonftration  of  the  36th  prop.  B.  II,  For  fays 
he,  Jince  in  Newt  oris  cat  ar  aft  there  is  no  compreffion 
of  the  water  in  any  place,  nor  againft  the  fides  of  the 
cataracl,  the  external  water  prejfing  inwards*  muft 
difturb  the  cataracl,  and  mix  with  it.  And  therefore 
the  Newtonian  explication  being  contrary  to  the  laws 
of  Hydro  it  a tics  cannot  jubfft.  Yet  what  Newton 
fays  (Cafe  I.)  might  have  fatisfied  him.  His  words 
are  -,  For  let  the  ice  in  the  veffel  dijfolve  into  water, 
yet  will  the  efflux  of  the  water,  as  to  its  velocity,  re- 
main the  fame  as  before.  It  will  not  be  lefs,  becaufe 
the  ice,  now  dijfolved,  will  endeavour  to  defend.  It 
will  not  be  greater,  becaufe  the  ice  now  become  water 9 
cannot  defend  without  hindering  the  defcent  of  other 
water,  equal  to  its  own  defcent.  But  this  author  is 
eternally  cavilling  at  every  thing  •,  and  all  his  whole 
fection  on  this  lubjecl,  confiding  of  about  100 
pages,  where  he  has- toll  this  prob.  about  into  all 
forms,  is  nothing  but  a  heap  of  abflird  incon- 
filtent  fturl,  neither  agreeable  to  theory  nor  ex- 
periment. So  we  (hall  leave  him  here  drowned  in 
agurges  of- his  own  contriving. 

In  the  demonftration  of  prop.  47,  B.  II.  Sir  L 
Newton  affumes  for  a  principle,  that  the  parts  of 
the  air  hath  a  motion  excited  in  it,  by  fome  caufe 
or  other,  according  to  the  laws  of  an  ofcillating 
•  pendulum.  But  Muter  has  found  fault  with  him 
for  making  fuch  an  hypothefis  ;  and  his  himfelf  af- 
fumed  fome  different  hypothefes,  from  which  he 
has  pretended  to  demon  Urate,  that  the  motion  of 
the  particles  of  air,  are  moved  according  to  fuch 
hypothecs ;  and  that  his  demonstration  for  his  hy- 
pothecs, is  as  valid  as  Newton's  is  for  hic.  But 
Sir  I.  Newton's  hypothefis  is  more  than  an  affumed 
©ne,  for  it  is  true  in  feet.     For  any  tremulous  or 

■  vibrating 


OFTHE     P   R   I   N   C   I   P  I    A.' 

vibrating  body,  from  which  found  is  propagated, 
is  known  to  vibrate  according  to  this  law,  aftumed 
by  Newton  *,  and  the  like  motion  is  communicated 
to  the  particles  of  air.  Therefore  he  has  rightly 
affumed,  that  the  medium  has  fuch  a  motion  ex- 
cited in  it ;  and  confequently  that  it  will  continue 
to  move  according  to  that  law.  But  there  is  no 
fuch  law  of  a  vibrating  body  as.Eukr  afTumes,  and 
therefore  his  demonftrations  come  to  nothing.  To 
find  the  velocity  of  found  is  a  very  fubtle  problem  -, 
and  they  that  would  fee  it  truly  refolved,  may 
find  it  in  my  book  of  Fluxions,  prob.  23,  Seel.  III. 
In  B,  11.  prop.  52,  Sir  I.  Newton  has  investi- 
gated the  properties  of  vortices,  in  order  to  fee 
whether  the  celeftial  motions  can  be  accounted  for4 
thereby.  And  he  has  fhewn  that  the  celeftial  bo- 
dies are  not  carried  round  in  vortices.  But  /.  Ber- 
noulliy  a  peribn  of  eternal  contradiction,  has  under- 
taken to  defend  the  notion  of  vortexes  i  tho'  fhewn 
to  be  abfurd  and  impofTible.  Let  him  frame  what 
hypothecs  he  will  for  the  planets,  he  mull  find  vor- 
texes meeting  one  another  for  the  comets,  that 
move  all  manner  of  ways.  Therefore  to  clear  this 
point,  he  mull  have  his  vortexes  made  of  fuch, 
fluid  matter,  as  has  neither  friction  nor  refiftance, 
and  that  one  part  be  penetrable  to  another  part : 
that  is,  fuch  a  fluid  as  cannot  be  found  in  the 
world.  Such  is  the  blinded,  bigotted,  prejudice 
of  fome  people,  that  the  cleareft  demonftrations 
cannot  cure  their  madnefs.  If  any  body  afks  one 
of  this  ftamo,  how  the  planets  move  round,  they 
prefendy  anfwer,  in  vortexes.  But  afk  them  whar 
caufes  the  vortexes  to  move  round,  here  they  arc 
at  a  ftand,  and  have  nothing  to  fay,  but  that  they 
move  by  their  own  nature..  But  they  might  as 
well  have  faid  at  firft  that  the  planets  move  round 
by  their  own  nature,  it  they  can  give  no  better 
H   2  account' 
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account  of  them,  and  fo  fave  the  labour  of  con- 
ftructing  thefe  ufelefs  vortices. 

Another  author  that  is  vortex-mad,  is  Euler,  and 
he  feems  to  go  beyond  any  of  the  reft,  for  he 
cannot  account  for  the  rifing  of  the  tides  without 
vortexes.  But  he  has  not  fhewn  us  by  what  ex- 
traordinary mechanifm,  or  invifible  wheelwork  his 
vortices  are  conftituted,  fo  as  to  be  able  to  produce 
the  tides,  or  caufe  the  motion  of  the  comets,  fince 
theie  vortices  muft  all  run  counter  to  one  another, 
and  penetrate  one  another,  and  yet  miraculoufly 
preferve  their  motions  entire. 

This  idle  notion  was  firft  introduced  in  the  time 
of  ignorance,  upon  the  fuppofition  of  a  fuga  vacui, 
or  that  nature  abhorred  a  vacuum.     But  by  our 
better  acquaintance  with  the  nature  and  properties 
of  body,  and  the  laws  of  motion  ;  we  now  know,  that 
the  operations  of  nature  cannot  be  performed  in  a  ple- 
num -,  and  therefore  a  vacuum  is  abfolutely  necefiary. 
If  we  had  known  of  no  celeflial  bodies  but  the 
planets  moving  all  one  way,   the  fuppofition  of 
a  vortex  to  Carry  them   about,  clumfey  as  it  isa 
might  have  parted  for  pofiible.   But  one  would  have 
thought,  that  the  comet's  moving  all  manner  of 
ways,  would  have  cured  this  delirious  notion  ;  and 
have  taught  them  the  impoflibility  of  fuch  a  fcheme. 
But  thefe  authors,  thefe  defenders  of  vortices,  are 
fo  hardy,  that  they  are  not  at  all  afraid  of  an  ab- 
furdity  or  a  contradiction »    Thefe  things  do  not  af- 
fect or  touch  them  in  the  leaft ;  but  they  go  on  un- 
concerned in  their  ufual  way,  tho5  contrary  to  all 
the  laws  of  nature. 

Did  1  fay  that  the  theory  of  vortices  had  its  original 
from  the  principle  of  a  fugavacui?  1  did.  And  the 
principle  of  zfuga  vacui  had  its  rife  from  the  phceno- 
mena  of  water  rifing  in  pumps  and  fyphons,  as  in 
the  'Torricellian  experiment.  Kerefcr  want  of  trying 
fuch  experiments  to  their  full  extent,  the  principle 
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of  afugavacui  was  affumed  by  thefe  philofophers, 
as  the  genuine  caufe  of  thefe  effects.  So  that, 
upon  no  better  a  footing  than  this,  tho'  the  true 
caufe  of  thefe  effects  (the  external  preffure  of  the 
air)  be  now  perfectly  known,  yet  with  thefe  bi- 
gotted  people,  the  fame  faife -principle  dill  exifts. 

Thefe  philofophers  (if  they  can  be  called  fuch) 
are  endeavouring,  contrary  to  the  nature  of  things, 
to  find  out  the  mod  complicate  caufes  for  explain- 
ing the  phcenomena,  inftead  of  feeking  the  fim- 
pleft  caufes  •,  and  they  feem  utterly  to  reject  all 
fimple  caufes,  which  are  the  greatefl  beauty  of 
nature.  For  if  their  brains  were  not  turned  rouncl 
in  a  vortex,  they  could  never  prefer  thefe  complex 
vortical  fchemes  before  the  fimple  doctrine  of  pro- 
jectile and  centripetal  forces.     Such  Philofophers  ! 

Sir  I.  Newton  had  fhewn  in  the  fchol.  of  Prop. 
14.  B.  III.  that  the  aphelions  of  the  interior  pla- 
nets move  a  little  in  confequentia^  ( by  the  actions 
of  Jupiter  and  Saturn)  in  the  fefquiplicate  ratio  of 
their  diftances  from  the  fun.  But  Bernoulli  fays 
this  is  falfe,  for  it  holds  not  true  in  Saturn.  And 
yet  Sir  Ifaac  tells  him  exprefsly,  it  is  the  inferior 
"planets  that  obferve  that  law.  So  little  do  fome 
men  care  what  they  write,  if  they  can  only  put  on 
an  air  of  .contradiction. 

In  finding  the  proportion  of  the  axis  and  diame- 
ter of  the  earth,  Prop.  19.  B.  III.  Sir  Ifaac  af- 
fumes  them  to  be  as  100  to  101,  and  from  thence 
finds  the  excefs  of  weight,  in  one  above  the  other, 

to  be  -3_  parts.    Therefore  he  makes  this  propor- 
5°5 

tion  -i-  :  —  :  :  the  force  -1—  : the    true 
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excefs  of  height.  Yet  fome  people  have  objected 
againft  this  as  a  wrong  way.  But  herein  they  are 
.much  miftaken  •,  for  if  any  force  be  increafed,  the 
.effect  will  be  increafed  in  the  fame  ratio  j  and  there~ 
H  3  fovt 
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fore  increafing  the  centrifugal  force  here,  will  in- 
creafe  the  difference  of  the  heights,  in  the  very 
fame  proportion  ;  as  thefe  quantities  are  very  fmall. 
Upon  this  account,  fome  people  have  unneceffa- 
rily  run  into  long  calculations,  and  only  came  at 
laft  to  the  fame  conclufion. 

And  the  fame  argument  holds  good  againft  fuch 
as  have  dbjecled  againft  finding  the  height  of  the 
tide  (cor.  Prop.  $6.  B  ill.)  by  the  rule  of  propor- 
tion, comparing  it  with  the  centrifugal  force.  For 
all  forces  of  whatever  kind  will  produce  effecls  pro- 
portional to  the  quantities  of  thefe  forces ;  and 
therefore  he  has  rightly  found  the  height  of  the 
tide,  by  that  proportion. 

But  Sir  I.  Newton's  explanation  of  the  tides 
(Prop.  24.  B.  III.)  does  not  pleafe  Euler^  the/  he 
accounts  for  every  circumftance  thereof.  He  thinks 
afcribing  thefe  effecls  to  the  aclions  of  the  fun  and 
moon,  is  recurring  to  occult  caufes^  and  therefore 
he  had  rather  recur  to  vortexes  tor  the  explanation 
thereof-,  the  notion  of  which  has  been  confuted 
over  and  over.  He  denies  the  gravitation  of  bo- 
dies towards  one  another,  becaufe  he  cannot  difco- 
ver  the  caufe  of  gravity  •,  and  therefore  he  will  not 
allow  it  to  have  any  thing  to  do  with  the  matter, 
as  being  an  occult  quality.  But  he  recurs  to  a 
principle  that  is  more  than  occult,  his  incomprehen- 
lible  vortices  ;  which  he  thinks  the  tides  are  raifed 
by  •,  tho'  he  has  not  attempted  to  explain  in  what 
manner  his  vortices  can  do  it. 

He  fays,  Sir  I.  Newton's  account  of  the  tides  is 
not  fufficiently  explained,  that  any  certain  judg- 
ment can  be  formed  whether  it  is  true  or  falfe  % 
that  he  did  not  exphun  the "phcenomena  of  the  tides 
but  only  darkened  them.  But  certainly  this  man 
does  not  know  what  he  writes,  or  docs  not  care 
what  he  writes.  Sir  Ifaac  explained  all  the  princi- 
pal phcenomena  thereof,  and  has  (hewn,  that  his 

Theory 
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Theory  is  agreeable  to  obfervations  both  in  nature 
and  quantity.  And  all  matters  of  lefs  note  may 
be  eafily  deduced  from  his  general  Theory,  by  any 
intelligent  perfon.  But  Sir  Jfaac  did  not  chpofe  to 
erect  any  pontes  afinorum. 

This  author  values  himfelf  very  much  for  reject- 
ing the  principle  of  attractions  eftablifhed  by  fome 
Eng/ifhmen,  becaufe  it  is  an  occult  quality.  This 
profound  Philofopher  will  either  know  every  thing 
or  nothing  •,  he  will  make  no  ufe  of  the  forces  of 
gravity,  becaufe  he  knows  not  the  caufe  of  gra- 
vity. For  the  very  fame  reafon  he  would  want  to 
know  the  caufe  of  that  caufe  •,  and  fo  he  muft  knew 
every  thing  in  the  whole  chain  of  caufes  and  effects, 
or  he  cannot  be  fatisfied.  This  odd  temper  in  fome 
men  arifes  from  the  pride  of  the  human  mind, 
•which  attempts  to  foar  above  its  fphere.  They 
difdain  to  know  the  little  matter  that  is  within  their 
power  to  know ;  whilft  they  are  continually  afpi- 
ring  at  things  that  are  without  the  reach  of  their 
knowledge,  things  for  which  they  have  no  faculties 
fuited  to  underftand,  and  no  data  to  determine. 
This  is  not  to  philofophife,  but  to  trifle. 

As  this  Gentleman  takes  the  liberty  to  fneer  at 
the  EngBJh,  he  may  pleafe  to  flay  and  take  this  ob- 
fervation  along  with  him,  that  if  it  had  not  been 
for  an  Englifhman,  he  (and  fuch  like)  had  known 
nothing.  To  him  they  are  beholden  for  all  thefe 
great  and  wonderful  difcoveries,  which  all  the  world 
acknowledge  and  praife  him  for,  except  thefe  fons 
of  detraction,  envy,  and  ingratitude.  Difcoveries 
that  may  be  looked  upon  as  the  works  of  a  Genius 
rather  divine  than  human. 

The  Englift)  have  found  by  experience,  that  by 
the  power  of  fome  caufe  or  other,  al)  bodies  are 
drawn  or  impelled  towards  one  another,  according 
to  certain  laws.  And  thefe  laws  are  found  out  bv 
obfervations,  and  a  juft  reafoning  from  the  laws  of 
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motion.  This  caufe,  be  what  it  will,  they  call 
gravity^  without  pretending  to  determine  of  what 
kind  ir  is.  \i  this  author  knew  the  phyfical  caufe 
of  gravity  never  lo  well,  he  would  be  no  wifer  •, 
for  the  effects  of  it  would  re  juft  the  fame-,  and 
we  can  meaiure  the  effects  of  gravity,  and  from 
thence  find  the  quantities,  and  proportions  of  the 
generating  forces,  without  knowing  what  thefe 
forces  confift  in.  So  that  the  knowledge  of  fuch 
a  caufe  would  be  only  a  ufelefs  fpeculation.  But 
this  author  is  fo  fearful  of  occult  caufes,  that  he 
dare  not  make  ufe  of  their  manifeft  effects;  and 
condemns  the  Engliih  at  once  for  believing  their 
own  eyes,  that  there  are  fuch  effects  flowing  from 
this  unknown  caufe,  which  they  have  agreed  to 
call  gravity.  For  it  appears  to  them,  that  the  ef- 
fects thereof  are  all  that  they  have  any  thing  to  do 
with.  Sir  I.  Newton  tells  him  more  than  once, 
that  he  does  not  take  upon  him  to  define  the  kind  or 
wanner  cf  afiion,  or  the  caufes  or  phyfical  reafon  there* 
cf;  but  this  author  cannot  take  it  in. 

Some  perfons,  when  they  can  find  nothing  elfe 
to  fay,  have  cavilled  about  the  term  gravity  ^  and 
fo  their  objections  are  dwindled  to  a  difpute  about 
words,  and  not  things.  I  fuppofe  every  thing  in 
nature,  that  we  have  occafion  to  make  the  leafl  ufe 
of  in  our  difcourfe  and  reafoning,  be  it  known  or 
unknown,  ought  to  have  a  name  given  it,  to  dif- 
tinguifh  it  from  other  things,  and  to  convey  our 
meaning  to  others.  And  thus  the  caufe  of  the  ac- 
celeration of  bodies  towards  one  another  is  expreffed 
by  the  word  gravity  ^  and  the  action  itfelf  is  called 
gravitation.  The  word  attraction  is  ufed  in  the  very 
iame  fenfe  ♦,  that  is,  not  in  &  phyfical  but  mathematical 
fenfe,  which  legards  only  the  quantity  of  the  caufe, 
That  thefe  terms  are  the  moil:  proper  that  could  be 
i  chofen,  will  appear  from  hence  ;  the  word  attraction 
Is  taken  from  its  mod  manifeft  quality ;  for  a  bo- 
dy 
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dy  moving  towards  another  with  an  accelerated  mo- 
tion, has  all  the  appearance  pofiible  of  being  drawn 
towards  that  other  by  fome  inherent  virtue  in  the 
other.  The  word  gravity  has  evermore  exprefTed  the 
tendency  of  a  heavy  body  to  the  earth ;  and  therefore 
by  parity  of  reafon,  will  as  properly  exprefs  the  ten-  . 
dency  of  the  moon  towards  the  earth;  or  of  the  earth 
towards  the  fun,  or  of  any  body  towards  another  body. 

Suppofe  this  philofopher,  or  any  other  of  that 
fort,  was  afked  to  calculate  the  times,  fpaces,  or 
velocities  of  falling  bodies  \  which  is  the  mofc 
fimple  cafe  that  can  be  propofed  about  gravity. 
Would  not  any  body  juftly  laugh  at  him,  if  he 
flood  to  demur  about  it,  and  refufe  to  calculate, 
till  he  knew  whether  their  falling  Was  caufed  by 
attraction,  impulfion,  or  the  rotation  of  a  vortex  ? 
And  would  not  he  equally  deferve  to  be  laughed 
at,  that  mould  hefitate  to  calculate  the  motions  of 
the  moon,  or  of  the  earth  and  planets  ;  or  of  the 
tides ;  upon  the  fame  account ;  when  they  are  all 
acted  upon  by  the  fame  unknown  caufe  of  gravity  ? 

But  to  return  to  the  tides.  This  Gentleman 
{Elder)  tells  us,  that  Newton's  method  is  errone- 
ous, by  which  he  found  the  fea  to  rife  to  the  height 
of  near  two  feet,  by  the  fun's  force  only.  And  fays, 
that  Newton  found  out  this  enormous  effect,  by 
comparing  the  fun's  force  with  the  centrifugal  force 
of  the  earth.  This  has  been  anfwered  before  ;  and 
certainly  this  Gentleman  knows  little  about  the  na- 
ture of  forces,  if  he  does  not  allow  that  two  equal 
forces,  of  however  different  kinds,  will  always  have 
equal  effects  ;  and  proportional  forces,  propor- 
tional effects,  efpecially  in  their  nafcent  flate.  For 
it  is  not  the  kind,  but  the  quantity  of  force  that  is 
to  be  regarded.  Therefore  Newton  rightly  found 
the  folar  tide  near  two  feet,  and  the  lunar  tide  8£ 
feet,  agreeable  to  experience.  But  to  fhew  you 
what  lore  of  a  theory  this  Gentleman  works  by,  he 

finds 
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Ends  the  folar  tide  only  half  a  foot,  and  the  lunar 
tide  2~  feet,  in  all  not  three  feet  •,  which  all  obfer- 
vations  confute,  and  with  it,  his  erroneous  method 
of  computation.  I  have  met  with  no  body  yet, 
but  what  makes  it  at  leaft  three  times  as  much. 

He  alfo  tells  us,  that  Newton  found  out  the 
forces  of  the  fun  and  moon  by  help  of  the  tides, 
but  he  has  not  done  it  accurately.  And  yet  New- 
ton took  in  every  circumftance  that  could  any  way 
afreet  it;  as  may  be  feen  in  Prop.  37.  B.  111. 

Having  had  occafion  to  compare  different  kinds 
of  forces  with  one  another ;  I  will  venture  to  lav- 
down  this  as  a  general  Rule,  that  all  forces  what- 
ever, whether  attractive  or  impulfive,  centripetal 
or  centrifugal,  or  of  what  kind  foever,  if  they  be 
equal,  they  will  produce  equal  effects.  And  there- 
fore how  idle  mud  it  be  for  thefe  men  to  wrangle 
about  the  kind,  wrhen  the  quantity  only  is  concerned 
in  the  effect,  and  can  only  be  of  any  real  ufe  to  us 
in  our  calculations.  The  enquiry  after  the  kind 
and  modus  of  action,  is  a  phyfical,  or  rather  a  me- 
taphyseal fpeculation,  the  knowledge  of  which 
they  can  never  come  at. 

It  has  likewife  been  objected  by  fome  perfons, 
that  the  two  examples  of  Newton,  for  finding  the 
tides,  are  ill  chofen.  But  however,  he  had  no 
more  to  choofe  on,  and  by  their  near  agreement, 
it  mews  they  were  well  chofen.  Euler  tells  you, 
that  at  Havre  de  Grace,  the  greatefl  and  leaft  tides 
are  as  1 7  to  1 1  ;  and  therefore  the  fun's  force  to 
the  moon's,  will  be  as  17 — >  11  to  17  4-  11,  or  as 
6  to  28  ;  or  as  he  makes  it,  as  7.13  to  28,  which 
is  about  as  1  to  4,  a  proportion  not  very  different 
from  Newton's.  .Dan.  Bernoulli  fays,  that  at  St. 
Malo's^  the  greatefl:  height  to  the  leaft,  is  as  50  to 
15,  which  makes  the  fun's  force  to  the  moon's,  as 
35  to  65,  or  as  7  to  13,  not  fo  much  as  1  to  2  j 
a.  conclufion  utterly  inconfiftent  with  all  other  ob- 

fervations ; 
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fervations  ;  which  argues,  that  the  obfervation  has 
not  been  made  with  Sufficient  accuracy.  However 
this  is  certain,  that  if  any  place  can  be  improper 
for  fuch  an  experiment,  this  place  is  •,  by  reafon 
of  the  very  extraordinary  tides.  For  here  the  tide 
being  hurried  up  a  long  channel,  growing  conti- 
nually ftraiter,  it  is  forced  up  to  an  unufual  height. 

However,  I  cannot  think  that  it  Signifies  a  great 
deal,  where,  or  in  what  places,  thefe  experiments 
are  made,  provided  the  lea  be  deep,  and  have  free 
accefs  and  recefs  to  and  from  the  place  of  obferva- 
tion. For  tho'  the  tides  be  higher  in  one  place 
than  another,  the  fun  and  moon  confpire  alike  to 
that ;  for  if  the  water  be  accelerated  in  any  degree 
by  the  moon's  force,  it  will  likewife  be  accelerated 
proportionably  by  the  fun's  force ;  fo  that  the  re- 
fult  will  be  nearly  the  fame. 

I  cannot  but  be  furprifed,  that  in  fo  material  a 
point  as  this,  no  body  has  been  fent  purpofely,  to 
proper  places  to  make  obfervations  of  the  tides. 
Since  by  this  method  only,  the  forces  of  the  fun 
and  moon  can  be  determined  to  any  tolerable  de- 
gree of  exactnefs.  No  celeftial  obfervations  can 
afliil  us  in  this  matter.  Aftronomy  affords  us  no 
help.  And  there  feems  to  be  no  way  for  us,  to 
gain  this  great  point,  but  this  method  by  the  tides. 
The  forces  of  the  fun  and  moon  are  fo  very  fmall, 
in  refpectto  the  force  of  gravity,  that  no  common 
hydroitatical  experiment  can  fhew  us  the  leafl  ef- 
fects thereof.  It  is  only  in  the  tides  that  their  ef- 
fects become  fenfible. 

The  forces  of  the  fun  and  moon  reach  ,  to  the 
very  center  of  the  earth,  and  act  upon  every  point 
of  the  radius  or  column  of  water  under  them  5 
and  diminim  the  gravity  of  every  particle  thereof  -9 
and  all  thefe  forces  confpire  together  to  raife  the 
tide  ;  and  therefore  the  radius  of  the  earth  becomes 
the  proper  Scalp  for  all  thefe  forces  to  act  on.  And 

we 
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we  cannot  fee  the  total  effect  of  all  thefe  forces, 
unlefs  we  have  a  depth  equal  to  the  whole  radius  of 
the  earth,  or  an  extent  of  fea  of  90  degrees  -,  and 
this  effect  or  the  tides,  when  at  the  greater!:,  will 
then  only  amount  to  a  few  feet. 

If  I  was  to  give  directions  for  making  obferva- 
tions  of  the  tides  for  this  purpofe,  I  would  ac)vife 
to  choofe  fome  place  near  the  equinoctial,  as  on  the 
coaft  of  Africa  or  America.      And  the  place  would 
be  moft  advantageous,  where  the  fun  and  moon 
are  in  the  zenith  at.  the  firfl  obfervation ;  and  in 
the  horizon,  at  the  fecond,  for  the  fpring  tides. 
And  one  in  the  zenith  and  the  other  in  the  ho- 
rizon, for  two  obfervations  at  the  neap  tides.     And 
fetch  places    mould  be  chofen   where    the  fea  is 
of  large  extent,  and  deep  •,  fo  as  to  communicate 
freely   with  the  place,    back  and  forward.     And 
fuch  places  will  be  bed  in  a  calm  country,  and 
performed  in  calm  weather;  and  all  circumftances  of 
weather  fnould  be  alike  (as  near  as  can  be,)  at  any 
two   correfpondent   times  of  obfervation,    the  fy- 
ziges and  quadratures.     Thefe  obfervations  mould 
be  made  at  the  fyziges  and  quadratures,  both  day 
and  night.     And  alio  when  the  tides  are  higheft 
and  loweft,    which  is  three  days    after.     But  for 
fome  purpofes,  trial  mould  be  made  every  day. 
And  the  bufinets  of  trying  at  the  fyziges  and  qua- 
dratures, mould  be  continued  for  a  twelvemonth. 
And  more  places  than  one  mould  be  tried.     Per- 
haps fome  iflands  in  the  middle  of  the  fea,  as  St* 
Helena,  may  be  proper ;  for  the  weather  is  likely 
to  be  more  uniform,  than  on  the  continent.     Hav- 
ing thus  gained  a  furricient  number  of  obfervations, 
the  belt  may  be  felected,  and  a  mean  ratio  found, 
by  which  this  matter  will  be  finally  determined. 

There  are  fome  people  that  object  againft  this 
method  of  finding  the  fun  and  moon's  forces,  by 
the  tides  -,  and  reckon  it  very  precarious,  and  fab- 
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jedt  to  many  obftacles  and  intervening  caufes,  by 
which  the  tides  are  perpetually  influenced  and  dis- 
turbed ;  as  if  every  thing  had  not  its  difficulties ; 
the  only  diflurbing  caufe  is  the  wind.  Yet  they 
can  tell  us  of  no  other  method,  but  what  is  more 
precarious  and  more  impracticable,  and  lefs  ex- 
act.    And  fo  much  for  the  tides. 

The  39th  prop,  is  about  finding  the  preceffion 
of  the  equinoxes ;  againft  this,  being  a  prob.  of 
great  difficulty,  objections  have  been  raifed  by  fe- 
veral  people,  alledging  that  it  is  not  truly 
demonftrated.  Mr.  Simp/on  is  among  this  clan  *, 
and  he  abfurdly  makes  the  preceffion  by  the  fun's 
force  alone  to  be  2i/;  6/;/,  which  is  double  to  Sir 
I.  Newton's  ;  the  confequence  of  which  is,  that  the 
motion  by  the  moon's  force  will  be  only  29".  So 
that  by  this,  the  moon's  force  will  be  to  the  fun's, 
only  as  1  ^  to  1  ;  yet  he  fays  in  another  place,  that 
the  moon's  force  to  the  fun's  cannot  be  lefs  than 
24-  to  1.  So  inconfiilent  and  erroneous  are  his 
operations.  But  this  has  been  taken  notice  of  be- 
fore in  the  Comment.  But  the  moon's  force  muft 
be  greater  than  2^ ;  for  in  all  obfervations  of  the 
tides,  that  have  been  regularly  made,  the  moon's 
force  is  4  or  more.  And  it  is  hardly  poffible  in 
any  obfervation— of  the  tides,  made  with  any  to- 
lerable degree  of  care,  to  mils  near  a  half.  They 
that  would  /ee  the  preceffion  of  the  equinoxes 
truly  calculated,  will  find  it  in  Prob.  26,  Sect.  III. 
of  my  Fluxions. 

Other  objections  of  lefs  moment  I  pafs  over, 
as  their  malignity  and  falfhood  will  appear  to  every 
reader.  Such  as  the  abfurd  opinion  than  motion 
cannot  be  loft  in  the  world  ;  (concerning  which,  fee 
my  Mechanics,  4*0.  prop.  10.  and  cors.)  Alfo  the 
falfe  opinions  of  thefe  that  deny  that  the  compo- 
fitiofl  and  refolution  of  forces,  are  analogous  to  the 
compofition  and  refolution  of  morions,  which  are 
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their  adequate  effects.  Their  endlefs  cavils  againft 
his  method  of  demonftrating  any  proportion, 
which  is  the  fynthetical  •,  preferring  their  own  ana- 
litical  methods  as  being  fhorter,  which  is  no  won- 
der. Their  introducing  into  phyfical  calculations, 
an  obfeure,  precarious  law  or  force,  called  vis 
viva ;  founded  upon  no  certain  principles.  Con- 
cerning which  fee  my  Median.  4to.  fchol.  to  prop. 
ii,  where  the  nature  of  it  is  unravelled.  Their 
promifcuoufly  ufing  the  words  force  and  motion, 
for  one  another,  which  are  as  different  as  caufe  and 
effect ;  which  induces  no  fmall  oblcurity  into  their 
writings.  Their  afcribing  the  invention  of  Fluxions 
to  Leibnitz^  contrary  to  the  cleared  tefti  monies ; 
and  fome  of  them  tell  us,  that,  not  he  that  firfi 
found,  but  he  thatfirft  publijhed  it,  deferves  the  praife. 
As  if  the  publimer  could  have  publifhed  it,  at  all, 
if  the  inventor  had  not  firft  found  it  out.  Here 
the  inventor  is  robbed  of  his  due  praife,  to  give 
it  to  the  thief  that  ftole  it.  And  in  general,  their 
aggravating  every  trifling  flip,  as  a  capital  crime ; 
and  inftead  of  praifing  him  for  what  he  has  done 
(which  is  more  than  all  the  world  ever  did  before) 
they  difpraife  him  for  what  he  has  not  done,  or  had 
not  time  to  do;  and  lampoon  him  becaufe  his  time 
,or  his  knowledge  was  not  infinite. 

But  if  any  body  mould  afk,  what  any  of  thefe 
Bravo9 s  have  done  fince  ?  The  anfwer  is,  nothing  at 
all,  or  lefs  than  nothing;  they  have  been  turning 
fcience  backwards.  For  they  have  been  doing 
nothing  but  undermining  his  principles,  (tho*  built 
upon  the  fureft  foundations,'  to  introduce  their 
own  chimerical  hypothefes,  that  have  nothing  to 
fupport  them  but  impudence,  ignorance  and  pre- 
emption. 

At  the  end  of  the  Principia,  Sir  I.  Newton  has 
given  us  his  thoughts  of  the  deity.  Here  he 
ihews  that  God  is  an  eternal,  infinity  and  powerful 
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being.  That  all  the  frame  of  nature  is  owing' to 
him,  which  he  made,  and  governs.  And  from  the 
fimilitude  of  all  the  parts  of  the  world,  he  fhews 
that  God  is  one.  That  he  is  a  being  acting  with 
council  and  defign,  and  with  the  greater!  wifaonu 
That  we  have  ideas  only  of  his  attributes,  but  know 
nothing  of  his  fubftance  ;  nor  after  what  manner 
he  acts  or  does  any  thing.  Indeed  we  know  nothing 
of  the  fubftance  of  any  thing,  much  lefs  of  God. 
And  as  we  cannot  conceive  of  fpace  and  time,  but 
as  necefiarily  exifting  •,  much  more  muft  we  allow 
that  God  exifts  necefTarily  •,  and  confequently  that 
he  exifts  always  and  every  where ;  and  that  not  par- 
t 'tally  but  totally.  In  fhort,  he  has  laid  down  the  beft 
metaphyfical  notions  of  God,  that  can  be  met 
with  any  where. 

But  M.  Leibnitz  will  not  allow  that  God  has 
in  himfclf  (much  lefs  other  animals),  any  princi- 
ple or  power  of  acting,  but  as  he  is  firft  acted  on 
by  fome  motive,  which  he  thinks  is  to  determine  his 
actions.  And  in  confequence  of  that,  if  two 
equal  ways  of  acting  were  laid  before  God,  he 
could  choofe  neither;  but  be  like  a  balance, 
acted  on  by  two  equal  weights,  that  would  tarn  no. 
way.  But  at  this  rate  God  is  not  2,  free  agent,  but 
a  mere  patient.  He  reckons  it  an  imperfection  in 
God  to  be  able  to  choofe  one  out  of  two  perfectly 
equal  things ;  becaufe  he  fays  there  wants  a  fufi 
ficient  reafon  ;  and  therefore  he  can  choofe  neither. 
But  it  is  certainly  a  greater  imperfection  to  choofe 
neither,  than  to  choofe  one.  It  is  a  principle  with 
him  that  God  muft  have  a  furBcient  reafon;  which 
is  true,  but  it  is  God's  mere  will  that  is  the  iisf- 
iicient  reafon.  And  how  comes  he  to  know  what 
is  a  fufficient  reafon  to  a  perfectly  free  agent,  that 
has  it  in  his  power  to  do  any  thing;  as  if  man, 
who  is  no  more  than  a  worm  in  the  creation,  .can 
prefwme  to  know  what  is  fit  tell  to  be  done. 

Sir 
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Sir  I.  Newton  has  afTerted,  that  all  the  great  bo- 
dies in  the  world  move  in  free  fpace,  which  is 
unbounded  and  infinite.  That  all  bodies  have  pores 
or  empty  fpaces  within  them.  But  this  author 
will  not  allow  any  vacuum,  but  will  have  the  world 
be  a  perfect  plenum.  And  he  tells  us  alfo,  that 
the  world  will  continue  for  ever  without  any  al- 
teration (or  mending);  but  he  has  taken  parti- 
cular care  to  prevent  that,  by  introducing  his  plenum. 
The  motions  of  the  heavenly  bodies  muft  needs 
be  retarded  and  foon  ftopt,  in  moving  thro5  denfe 
matter,  tho'  never  fo  fluid.  So  that  one  of  his 
fuppofitions  is  inconfiftent  with  another ;  and  no 
body  could  more  effectually  deftroy  his  own  hy- 
pothecs, than  he  has  done  himfelf.  He  had  had 
infinitely  better  chance  for  this  fuppofition,  if  he 
had  made  the  planets,  &c.  to  move  in  a  vacuum. 

If  God  had  defigned  every  thing  to  ftagnate, 
and  be  fixt  in  the  world ;  then  a  plenum  feems  to 
be  the  bed  conftitution  for  that  end.  But  as  all 
the  operations  of  nature  are  to  be  performed  by 
motion,  which  indeed  is  the  beauty  of  nature ; 
then  placing  them  in  vacuo,  muft  needs  be  the 
beft  conftitution,  as  the  motions  will  then  be  free 
and  unrefifted,  and  the  molt  durable  poflible. 
And  therefore  it  is  as  necelTary  to  have  a  vacuum,  in 
which  thefe  motions  are  to  be  performed,  as  it 
is  necelTary  to  have  body  to  perform  thefe  motions. 

The  fame  objections  he  has  made  againft  empty 
fpace,  he  makes  againft  time ;  for  with  him  fpace 
is  no  more  than  the  order  of  co-exifting  beings  ; 
and  time  the  order  of  fucceffive  ones  •,  but  at  this 
rate  the  words  nearer  or  further,  fooner  or  later  ^  fig- 
nify  nothing  •,  yet  both  fpace  and  time  are  meafured 
by  quantity,  and  therefore  are  themfelves  quan- 
tities and  confequently  real  beings,  which  confutes 
his  notions..  And  indeed  common  fenfe  is  enough 
to  determine  this ;  for  their  exiftence  is  felt  evident, 
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fcven  to  the  moil  ignorant  -,  and  cannot  be  made 
more  evident  by  all  the  arguments  in  the  world. 
Arguments  in  fuch  cafes,  ferve  for  nothing  but 
perplexing  things  that  are  plain  of  themielves* 
and  are  often  brought  for  that  purpofe.  Anions 
and  a  vacuum  are  the  firft  principles  of  the  moft 
ancient  Philofophy ;  which  is  the  fame  thing  as  to 
fay,  that  God  has  made  bodies,  and  room  for  them 
to  act  and  to  move  in.  For  the  whole  world  appears 
to  our  fenfes,  to  be  nothing  but  matter  and  motion. 

This  learned  Philofopher's  argument  againfl, 
empty  fpace  is  this  \  every  -perfection  which  God  could 
give  to  things,  without  derogating  from  their  other 
perfections,  he  has  given  them.  Suppofe  then  an 
empty  fpace,  God  could  have  placed  matter  in  it,  {which 
is  more  excellent  than  empty  fpace)  •,  therefore  be  has 
done  it,  and  confeouently  there  is  no  vacuum.  Here 
he  fuppofes  that  there  is  no  excellency  or  perfection 
at  all  in  motion;  and  fo  this  world- maker  will  not 
agree  to  leave  any  room  or  free  fpace  for  bodies  to 
move  in.  And  in  this  he  is  as  dogmatical,  as  if 
he  had  been  originally  one  of  God  Almighty's 
privy  council.  But  had  he  gone  one  ftep  further, 
he  would  have  ken  the  abfurdity  of  it.  For  God 
did  not  make  the  world  to  (land  ftill  *,  but  to  move 
after  various  laws  and  rules.  And  confequently 
when  this  acute  Philofopher  fills  the  planetary  re- 
gions with  matter,  he  derogates  from  the  perfections 
of  the  other  bodies,  by  deflroying  their  motion,  with 
his  new  matter.  And  in  this  cafe,  and  for  this  very 
purpofe,  empty  fpace  is  more  excellent  than  matter. 

But  the  ignis  fatuus  that  leads  him  aftray,  is  the 
argument  of  a  fufficient  reafon  \  when  at  the  fame 
time  he  is  no  judge  at  all  what  is  fufficient.  Yet 
this  principle  he  brandifhes  about  with  no  fmali 
ofcentation  and  aiTurance.  But  it  is  of  no  more 
life  in  his  hands,  than  the  fword  of  Achilles,  in  the 
hands  of  an  infant, 
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CONCERNING     THE 

OPTICS. 

NO  fooner  did  Sir  /.  Newton  publifh  his  theory 
of  Light  and  Colours,  than  he  was  attacked 
on  all  fides.     A  doctrine  fo  ftrange,  and  contrary 
to  all  the  received  opinions  about  the  nature  of 
\    light,  could  not  be  admitted.   This  brought  him 
into    many    frivolous    difputes,    with   injudicious 
people  that  had  imbibed  other  principles.    Yet  he 
fhewed  the  truth  of  his  theory,  by  undeniable  ex- 
periments, if  his  oppofers  had  but  had  underfland- 
ing  enough  to  confider  them.     He  had  read  lectures 
before,  in  the  Univerfity  of  Cambridge,  concerning 
.  light  and  colours,  which  he  was  thinking  of  pub- 
liming  ;  but  the  difputes  he  was  involved  in,  from 
what  he  had  pubiifhed  in  the  Tranfactions,  made 
him  lay  afide  the  thoughts  of  publishing  any  more. 
And  fo  thefe  lectures  were  laid  by  in  the  Univer- 
fity,  and  were  not  printed  till  after  his  death.  And 
in  this  I  think  he  was  much  in  the  right ;  for  who 
would  ever  fpend  any  time  or  labour,  to  make  men 
wife  agaihft  their  wills  ;  and  efpecially  a  fet  of  men, 
that  loved  cavilling  and  difputing  better  than  truth 
and  knowledge. 

By  reafon  of  thefe  fenfelefs  difputes,  he  would 
not  agree  to  print  his  book  of  Optics  for  many 
years  •,  and  at  lad  it  was  only  printed  in  Engliih, 
with  a  defign  it  mould  not  go  abroad,  to  create  any 
frefh  difputes ;  but  was  afterwards  tranflated  into 
Latin. 
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This  book,  tho*  full  of  the  moft  curious  and 
profound  difcovcries  in  Optics,  could  not  pafs  with- 
out the  moil  fevere  fcrutiny  ;  and  I  believe,  hardly 
a  propofition  in  the  book  but  what  was  difputed 
by  fome  rafh  Critic  or  other.  But  as  the  proofs 
were  moftly  experimental ;  as  foon  as  people  had 
a  mind  to  leave  their  prejudices,  and  try  thefe  ex- 
periments fairly  and  impartially  ;  they  found  them 
all  true  and  agreeable  to  his  theory,  which  at  length 
began  to  gain  ground  \  and  all  dilputes  are  now 
fublided. 

As  there  are  fome  things  laid  down  in  this  book, 
without  their  demonftrations  ;  fuch  of  them  as  are 
difficult,  are  calculated  in  my  book  of  Optics.        / 

Towards  the  end  of  this  book  Sir  Jfaac  tells  us, 
the  true  method  of  philofophidng,  his  thoughts  of ' 
the  original  and  conftitution  of  the  world,  and  o£ 
the  Deity.  He  tells  us  the  world  could  not  arife 
out  of  a  Chaos,  by  the  mere  laws  of  nature,  but 
muft  be  the  work  of  a  powerful,  everliving  agent, 
acting  with  wifdom  and  defign.  He  tells  us,  that 
it  appears  from  the  phcenomena,  that  there  is 
a  being  incorporeal,  living,  intelligent,  omniprefent ; 
who  in  infinite  /pace,  as  it  were  in  his  fenjory,  fees  the  . 
things  them/elves  intimately,  by  their  immediate  pre- 

fence  to  him wbilft  the  images  only  of  thefe  things 

are  carried  thro'  our  organs  of  fenfe  into  our  little  fen- 
f or  turns,  and  are  there  feen  by  that  which ,  in  us  per- 
ceives and  thinks. 

But  Mr.  Leibnitz  catching  at  the  word  fenforiurn* " 
and  perverting  Sir  Ifaac's  meaning,  tells  you,  that 
Sir  lfaac  makes  fpace  to  be  the  fenforium  of  God, 
as  an  organ,  by  which  he  perceives  things,  and 
thereby  makes  God  the  foul  of  the  world,  con- 
trary  to  Sir  ifaac's  plain  declaration ;  whereas  he 
fpeaks  only  by-way  of  fimile  {as  it  were,  in  his  fen- 
fory).  For  fuch  is  the  imperfection  of  our  notions 
concerning  God,  that  when  we  would  defcribe  anv 
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of  his  properties  or  attributes,  we  can  only  do  if 
by  fimilitude,  comparing  it  with  fomething  fimilar' 
to  it  in  burfelves';  which  furely  cannot  be  taken  in 
a  flrid  fenfe.     Nothing  is  more  common  than  to 
talk  of  ideas  in  the  mind  of  God,  when  we  fpeak 
of  his  knowledge  or  omnifcience.    Yet  it  is  certain 
God  has  no  need  of  ideas  or  images  (as  we  have), 
when  he  is  prefent  to  the  things  themfelves.    And  I 
think  it  was  hardly  pofiible  for  Sir  Ifaac  to  find  out 
a  fi?Yer  fimile,  than  to  compare  infinite  /pace  with 
the  place  where  God  perceives  all  things  ;   juft  as 
the  brain  is  the  place  where  men  perceive  the  images 
f  only)  of  things.     For  fuppofe  the  brain  to  be  the 
■organ  of  perception,    it  is  neverthelefs  the  place 
inhere  thefe  images  are  perceived.     This  mifcon- 
{truing  the  words  of  Sir  I.  Newton,  (hews  the  cap- 
tioufnefs  of  the  man  •,  efpecially  when  he  is  told  that 
Gcd  is  a  uniform  being,  void  of  organs,  members  or 
,  parts,  that  all  things  in  the  'world  are  his  Creatures ', 
fubordinate  to  him,  and  fubfervient  to  his  will    'That 
he  is  no  more  the  foul  of  them,  than  the  foul  of  a  man 
is  the  foul  of  the  fpecies  of  things,  in  the  place  of  his 
fenfation.     All  this,  one  would  think,  mould  flop 
his  mouth. 

This  Gentleman  calls  God  a  fupramundane  in- 
telligence, which  is  only  an  unintelligible  term  to 
quack  with.  For  certainly  he  exifts  in  the  world, 
but  after  what  manner  is  a  fecret  to  us.  If  God  - 
have  any  exjftence,  he  exifts  in  fpace;  to  fay  that 
he  exifts,^/  of  fpace,  is  to  fay  that  he  does  not 
exift  at  all,  becaufe  ipace  is  every  where.  So  docs 
he  exift  in  time  ;  for  to  exiit  out  of  time,  or  in  no 
te,  b  not  to  exift.  He  exifts  then  in  all  fpaee 
and  in  all  time,  that  \%  always  and  every  where. 

Sir  Ifaac  tells  us  blind  fate  could  never  make  all  the 

flanets  move  one  and  the  fame  way*  in  concentric  orbs  ; 

:  inctmfiderahl  'arities  excepted^  which  may 

Ktual  afffans  of  cc??!?!s  and  ph- 
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nets  upon  one  another^  and  which  will  be  apt  to  increafe> 
till  this  fy ft  em  wants  a  reformation. 

Now  thefe  actions  of  the  planets  and  comets  on 
.each  other,  and  the  corifequent  irregularities  pro- 
duced thereby,  are  matters  of  fad,  and  evident 
from  obfervations.  And  it  is  as  evident  that  they 
will  increafe,  from  the  fame  caufes.  Yet  Mr. 
Leibnitz  is  fo  ignorant  of  thefe  effects,  that  he  takes 
upon  him  not  only  to  cenfure  Sir  L  Newton  for 
making  thefe  obfervations,  but  God  Almighty  for 
not  making  his  work  otherwiie  ;  and  compares  him  - 
to  an  imperfecl  workman,  that  has  his  watch  to  wind 
up  now  and  then,  he  thinks  it  an  imperfection  in 
God,  if  he  does  not  make  the  world  fo  as  to  laft  in 
the  fame  ftate  for  ever.  At  this  rate  he  may  as  well 
think  it  an  imperfection  in  his  Maker,  if  man  does 
not  laft  for  ever,  and  live  for  eternity. 

It  is  a  bold  affertion  to  fay  that  God  cannot 
make  any  thing  to  what  degree  of  perfection 
he  pleafes,  or  to  J  aft  as  long  as  he  pleafes,  or 
to  reform,  regulate  or  alter  it  at  his  pieafure. 
Nothing  will  pleafe  this  Gentleman  but  to  make 
God  to  act  ad  extremum,  as  all  necefTary  agents  do,  , 
if  they  can  be  called  agents.  At  this  rate,  not 
only  the  world  muft  be  made  fo  perfect,  as  to  laft 
For  eternity,  and  want  no  regulating,  which  is  the 
.thing  he  affirms  ;  but  even  the  bodies  of  men  an$ 
other  animals,  for  the  fame  reafon  as  was  obferved 
before,  muft  laft  for  ever,  and  never  come  to  decay, 
or  need  any  repairs  •,  which-  is  arguing  againft  the 
cleared  evidence  of  his  fenfes  %  and  is  a  demon- 
stration of  the  abfurdi.ty  of  his  hypothecs.  So 
that  in  fome  cafes  it  is  true  (what  fome  men  have 
objected  againft  faience  in  general),  that  the  greatest 
philofophers  are  the. greater!  afles. 

Go>  teach  eternal  wifdom  how  to  rule* 
Tien  drop  into  thy/elf^  and  be  a  fool, 

1 3  m 
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His  Doctrine   of   Indifcernibles  is    altogether  as 
wild  a  notion  as  the  other  of  forcing  God  to  do  his 
belt.     His  principle  is  this,  that  there  are  not  in 
nature,  two  real  abfolute  beings,  indiscernible  from 
each  other,  (that  is,  two  fuch  things  as  are  per- 
fectly alike).     For  if  there  were,  he  fays,  God  and 
nature  would  act  without  a  reafon  ;  it  is  a  thing 
contrary  to  the  divine  wifdom,  and  therefore  they 
do  not  exift.     And  he  inflances  in  two  leaves  or 
two  drops  of  water.   And  he  feems  to  build  his  opi- 
nion upon  obfervation,"  which  is,  that  if  you  feek 
never  lb  long,  you  cannot  find  two  leaves  alike; 
and  upon  this  he  rafhly  concludes,  that  it  is  im- 
poflible  ;  becaufe  God  would  not  be  wife  in  doing 
cf  it.     However,  if  he  can  give  no  wifer  a  reafon 
than  this,  I  doubt  his  principle  will  fall  to  the 
ground.     For  in  the  nature  of  things,  what  anti- 
pathy can  God  have  againft  two  equal  or  like  things, 
any  more  than  againft  two  unequal  or  unlike  things. 
It  is  impious  thus  to -tie  the  hands  of  God,   and 
vain  in  him  to  pretend  to  know  what  God's  wifdom 
will  choofe  or  will  not  choofe.     His  attempt  to 
know  this  is  as  ridiculous  as  it  would  be,  in  at- 
tempting to  move  the  whole  world  with  the  flrength 
of  a  finger. 

I  believe  the  reader  will  hardly  be  fatisfied,  whilft 
1  am  endeavouring  to  confute  his  notion  if  I  do 
not  advance  a  better  folution.  This  I  (hall  attempt 
as  follows,  by  a  veryfimple  and  plain  cafe.  Sup- 
pofe  the  length  of  the  lead  fort  of  leaves  to  be  a, 
of  the  greatefl  b  \  their  difference  b  — a  or  d. 
Now  I  hope  it  will  be  allowed  me,  that  the  quan- 
tity or  length  d  is  infinitely  divifible;  and  confe- 
quently  there  is  an  infinite  number  of  different 
lengths  contained  in  the  length  d\  and  hence 
there  may  be  an  infinite  number  of  leaves,  and 
all  of  different  lengths,  in  a  gradual  increafe  from 
a  to  b.    This   being  fettled,  let  us  confider  the 

number 
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rrumber  of  leaves.  The  number  of  them  on  any- 
one tree  is  but  finite,  and  the  number  of  all  the 
trees  in  the  world  is  but  finite  -,  for  the  fands  of 
the  fea  are  numerable.  Therefore  all  the  leaves  in 
the  world  make  but  a  finite  number.  Suppofe 
then  any  one  length  be  named  for  a  leaf;  it  will  be 
the  odds  of  infinity  to  1,  that  in  a  geometrical 
exaftnefs,  there  is  not  a  leaf  of  that  length  in  the 
world ;  becaufe  the  number  of  leaves  being  fhort 
of  the  number  of  poffible  cafes ;  there  will  be  an 
infinite  number  of  cafes  that  do  not  happen  ;  and 
therefore  it  is  infinity  to  1  againft  the  happening 
of  any  one  in  particular.  It  follows  likewife  that, 
name  the  length  of  any  one  leaf,  and  it  is  the  odds 
of  infinity  to  1,  that  another  cannot  be  found 
precifely  of  the  fame  length. 

Now  this  calculation  regards  only  the  length, 
but  there  are  other  circumftances  as  variable,  fuch 
as  breadth,  weight,  colour,  form,  curvature,  dif- 
ferent arrangement  of  the  veins,  &c.  and  all  di- 
verfified  in  quantities  and  ways  infinitely  various  ; 
therefore  the  odds  will,  by  this  means,  be  infinitely 
multiplied  •,  fo  that  it  is  next  to  impofiible  for  fuch  a 
thing  to  happen  naturally.  And  here,  we  need 
not  to  have  fuppofed  infinite  degrees  of  length ; 
for  if  we  had  but  arTumed  a  very  great  number  of 
lengths,  each  differing  by  the  leaft  conceivable 
quantity  ;  yet  by  the  infinite  number  of  circum- 
ftances that  attend  it,  the  refult  would  ftill  ihew 
that  it  is  almoit  as  infinity  to  1,  againfl  fuch 
an  event  happening.  And  by  the  fame  reafoning 
one  cannot  find  two  {tones  alike,  or  two  drops  of 
water. 

As  to  drops  of  water,  there'  is  not  as  great  a  va- 
riety as  in  leaves.  Yet  if  you  fuppofe  but  one 
heterogeneous  particle  -,  that  finale  particle  is  ca- 
pable of  an  infinite  number  of  iituations  ;  and  there 
may  be  2,  3,  &.c.  or  any  numbeJ  of  fuch  particles ; 
I  4  from 
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from  all  which,  the  fame  conclufion  will  happen 
as  before.    And  here  we  may  obferve,  that  the  more 
compounded  any  body  is,  the  greater  is  the  im- 
probability of  this  event  happening. 

Hence  appears  the  true  reafon  why  fuch  events 
do  not  happen,  and  that  is,  the  infinite  number  of 
fojjihk  cafes,  and  the  finite  number  of  real  cafes  ; 
and  upon  the  infinitely  /mail  chance  there  is  for  its 
happening  -,  but  it  is  not  at  all  from  the  impof- 
iibility  of  the  thing  -,  which  may  be  made  plain  by 
this  ihftance.  Suppofe  there  be  ioo  dice,  and  any 
one  fhculd  undertake  to  throw  all  the  aces  at  once. 
The  number  of  chances  is  fo  great  againft  him, 
that  in  all  probability,  he  would  never  do  it  while 
the  world  ftands.  Yet  the  thing  is  not  impoflible  in 
itielf  5  for  the  dice  may  be  fo  directed  by  art,  as 
to  be  thrown  every  time. 

So  now  the  whole  myftery  is  difclofed  that  fe- 
duced  this  learned  Philofopher  to  abridge  the  power 
of  God,  for  fear  of  contracting  his  wi/dom.     You 
may  fee  that  all  the  fizes  or  forms  of  leaves  are 
alike  indifferent  to  God,  and  nature  has  the  fame 
chance  for  any  length  or  form!     But  what  is  all 
this  to  do  with  the  power   of  Gcd  ?  He  can  cer- 
tainly make  millions  of  things  all  equ.il  and  alike, 
if  he  has  need  of  them  in  the  creation,  as  eafily 
as  he  can  make  them  unequal  or  unlike.    'But  the 
excufe  this  Gentleman  has  for  this  chimerical  opi- 
nion, is  this,  he  fays  two  things  perfectly  alike  will 
not  be  two  things,  but  only  one  thing.     But  this  is 
an  affertion  equally  ridiculous,  for  two  things  will 
be  as  diilinct,  if  they  differ  but  in  one  property, 
as  if  they  differed  in  ten  thoufand.     Nothing  can 
identify  two  things  (/*.  e  reduce  them  to  one),  but 
exifting  in  the  very  fame  place,  at  the  very  fame 
pme,    and  having  all  other  properties  the  fame. 
Men  are  fuch  imperfect  artiits,  they  cannot  pre- 
tend 
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tend  to  make  things  equal  or  alike,  to  a  geome- 
trical exactnefs  ;  bur  they  can  make  them  fo  near 
as  they  cannot  difcover  any  difference.  But  God 
can  work  perfectly,  which  men  can  only  imitate. 

God  is  a  being  felf-exiftent,  omnifcient,  om- 
nipotent, and  omniprefent.  This  being  can'  do 
all  things  that  are  pofTible  to  be  done,  or  that  im- 
ply no  contradiction.  Thefe  are  his  natural  attri- 
butes, as  has  been  mentioned  before  ;  and  which 
Sir  I.  Newton  has  given  a  fublime  defcription  of, 
both  here  and  in  the  Principia,  which  this  babbler 
has  thought  fit  to  criticife,  but  with  an  ill  grace. 
As  to  his  moral  attributes,  wherewith  fome  people 
have  invefted  and  complimented  God  Almighty ; 
as  his  Gcodnefs,  Mercy,  Juftzce,  &c.  thefe  are 
not  real  properties,  but  are  only  confequent 
from,  and  included  in,  his  wifdom.  As  for  ex- 
ample, God  cannot  be  faid  to  be  infinitely  good,  as 
he  may  be  faid  to  be  infinitely  powerful,  or  infinitely 
wife  j  but  he  is  always  fo  far  good,  as  is  confident 
with  his  wifdom  ;  and  the  like  for  his  mercy,  &c. 
As  to  our  knowledge  of  God,  we  mufl  content 
ourfelves  with  the  knowledge  of  his  natural  attri- 
butes -,  for  we  know  nothing  further  relating  to 
him.  It  is  a  profound  fecret  to  us  how  he  acts, 
how  he  perceives,  or  how  he  exifts.  Here  he  hides 
himfelf  from  us  and  will  not  be  known.  Nor  fhould 
we  even  know  that  fuch  a  being  exifts  at  all,  but 
from  our  own  exiflence,  and  the  regular  phceno- 
mena  that  appear  in  the  world,  which  bear  witnefs 
to  it.  So  that  we  are  fure  there  mufl  be  a  firft 
caufe,  from  whom  and  by  whom  all  thefe  things 
have  their  original  •,  as  is  fhewn  at  large  by  our 
great  author  Sir  /.  Newton. 

I  believe  the  improvements  that  have  been  made 
to  the  Science  of  Optics,  fmce  he  left  it,  are  few 
or  none  •,  his  queries  are  (till  to  feek,  no  body  has 
jnvefligated  any  of  them.     One  would  think  that 

thefe 
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thefe  cavillers  againft  gravity,  as  an  occult  quality^ 
would  have  taken  care  to  have  invefligated  its 
caufe,  hinted  at  in  thefe  queries  -9  but  it  remains 
as  occult  as  ever,  for  them.  They  are  more  ready 
to  difpute  than  to  ad.  To  compleat  thefe  things, 
we  mould  have  another  Newton ;  but  as  that  is 
not  to  be  expected,  we  need  not  think  that  any 
improvements  will  go  fail  forward. 

As  I  have  confidered  the  principal  objections 
that  have  been  made  againft  the  Principia  and  the 
Optics,  moftly  by  foreigners.  It  cannot  be  amifs 
if  I  take  notice  of  fome  that  have  been  made  a- 
gainfl;  his  Chronology,  by  fome  in  our  own  country; 
to  mew  how  they  bite  the  file* 
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An  Account  of  fome  of  the  numerous 
InconJiftencieSy  contained  in  the  Ob- 
jections made  by  the  Rev.  Dr.  Ruther- 
forth,  Regius  Profejfor  of  Divinity 
in  the  Univerjity  of  Cambridge,  a- 
gainft  Sir  I.  NewtonV  Account  of 
the  Argonautic  Expedition. 

Eft  genus  hominum  qui  effe  primes  fe  omnium  rerum 
volant)  necfunt : 

Terent.  Eun. 

THE  Profeflbr  fets  off  by  telling  us,  that  the 
whole  of  his  {Sir  Jfaac's)  argument,  for  fettling 
the  time  of  the  Argonautic  expedition,  depends  upon 
three  principles.  1 .  That  Chiron  and  Mufeus  made  a 
fphere.  2..  That  they  drew  the  Co  lures  of  the  equi- 
noxes thro*  the  1  §th  degrees  of  Aries  and  Libra,  and 
that  of  the  Solftices  thro*  the  1 5th  degrees  of  Cancer 
and  Capricorn.  3.  That  they  knew  how  to  draw  the 
Colures  exaftly. 

Here  he  begins  by  afferting  a  manifeft  falfhood ; 
for  the  whole  of  his  argument  does  not  confifl  in 
theie  three  Articles.  For  Sir  Ifaac  itrengthens  his 
argument  by  fo  many  events,  taken  out  of  hiftory, 
which  all  confpire  to  prove  the  fame  thing,  that 
no  body  (except  they  be  ftrangely  bigotted,  like 
this  Gentleman]  can  refufe  his  aflent.  But  let  us 
examine  his  three  grand  principles.  1.  That  Chiron 
and  Mufeus  made  a  fphere.  Now  this  is  a  point  of 
hiftory,  and  therefore  ought  to  be  taken  as  matter 

of 
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of  fact,  or  elfe  there  is  an  end  of  all  reafoning  from 
hiftorical  relations.  Yet  our  Doctor  mews  a  ftrong 
inclination  to  fufpect  its  truth,  if  it  could  be  done; 
and  feems  to  waver  between  two  opinions,  whether 
it  was,  or  was  not  fo.  However,  not  being  able 
to  get  over  that,  he  tells  us,  that  thefe  figures 
drawn  on  the  fphere,  mull  relate  to  religion  -,  for 
delineating  conftellations  for  the  ufe  of  failors,  could 
be  of  no  fervice  for  the  pmclice  of  juftice.  Here  one 
would  expect  that  he  fhould  have  fhewn  us  how  de- 
lineating conftellations  not  for  the  ufe  of  failors, 
could  be  of  any  fervice  to  the  practice  of  juftice  ; 
or  what  relation  there  is  between  juftice  and  the 
conftellations.  But  unluckily  he  has  left  this  fhort. 
Now  every  body  knows  the  ufe  of  the  conftella- 
tions in  failing  :  they  had  no  other  way  at  that 
time  to  guide  their  ihips  thro'  the  ocean,  but  ob- 
servations of  the  (tars.  This  ufe  then  is  obvious  ; 
but  the  other  ufe,  which  the  Profeftbr  dreams  on, 
is  to  feek.  As  to  Hippo  the  daughter,  who  is  al- 
lowed to  have  ftudied  nature  in  trie  fame  manner 
as  the  father ;  the  Dr.  fays,  fhe  fhewed  the  will  of 
the  Gods,  by  her  oracular  anfwers,  or  from  thi  rifing 
cf  the  ftars.  The  ufe  ihe  made  of  her  knowledge, 
was  to  teach  the  will  of  the  Gods  from  the  mo- 
tion  of  the  ftars.  This  is  enough  iiirely  to  fhew 
that  they  both  ftudied  Aftronomy.  But  then  this 
t  knowledge  was  applied,  it  feems,  to  the  purpofes 
Augury  or  telling  fortunes.  But  can  any  body 
(but  this  Rev.  Doctor)  be  fo  dull,  as  to  think  that 
two  of  the  greareft  Aftronomers  of  the  age  fhould 
>ly  ALL  this  knowledge,  to  fuch  a  trifling 
infignificant  purpofe;  and  not  rather  apply  fome 
of  it  leaft,  to  the  nobler  purpofe  of  Navigation, 
fur  which  it  is  naturally  adapted,  and  very  much 
wanted  for  that  purpole.  For  without  the  know- 
ledge of  the  ftars,   they  could  make  no  long  voy- 
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&ges  •,  nor  had  they  any  other  method  at  that  time 
to  guide  a  fh:p,   but  the  help  of  the  ftars.     Con- 
fequently  it  was  natural  for  the  navigators  to  apply- 
to  the  aftronomers  for  that  purpoie.     But  the  Fro- 
feflbrfeems  ftill  not  to  be  content  in  allowing  thefe 
figures  to  be  the  conftelktions  ;  for,  fays  he,  per- 
haps this  may  not  mean  to  form  confiellations,  but  to 
divide  the  heaven  into  regions.     As  if  dividing  the 
heaven  into  regions  or  fegments,  could  teach  the 
rifing  and  motion  of  the  fiars.     Mufeus9    he  fays, 
was  a  poet,  and  writ  a  poem  concerning  the  fphere* 
but  there  was  no  fort  of  reafon  to  conclude  that  he  was 
a  praclical  aftronomer.     I  dare  fay,  no  body  would 
ever  draw   fuch  a  conclufion,  but  this  fagacious 
Doctor.     For  can  any  body  in  their  fenfes  fuppofe9 
that  any  man  will  take  pains  to  write  a  poem  con- 
cerning a  mbjecl:,  that  he  knows  nothing  at  all 
about.     How  muft  he  defcribe  the  circles  of  the 
fphere,   or  fhew  the  nature  and  ufe  thereof,  if  he 
did  not  underftand  the  fphere  ?   But  all  thinking 
men  muft  rather  believe  that  he  knew  what  he  was 
doing,   that  he  underftood  the  fphere,  and  of  con- 
fequence  mull  be  an  aftronomer.     I  fay,  the  cori- 
fequence  is  plainly  this,  that  there  was  a  fphere  in 
the  time  of  Mufeus,  or  he  could  not  write  about 
it,  and  that  he  underftood  the  fphere  he  was  def- 
cribing  ;   and  if  he  alfo  made  a  .fphere,  as  hiftory 
informs  us  he  did,  and.  was  the  firft  that  made  one  , 
then  this  point  is  fully  determined.     But  if  it  was 
only  a  poem,  yet  certainly  if  a  man  writes  upon  a 
iubjecl:  (efpecially  a  mathematical  one)  he  muft  be 
allowed  to  undei-ftand  that   fubiect,    whether  he 
writes  in   verfe  or  profe.     Yet  the   Rev.  Doclor 
will  not  allow  Mufeus  to  be  an  aftronomer,  becaufe 
he"  was  a  poet  •,    which  is  juft  as  good  a  reafon  as 
this,  Dr.  Rutherfbrth  is  a  Parfcri,  and  therefore  is    . 
no  Ajlronomer. 

s  further,  the  accounts  we  meet  with  in  the 
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poets  (concerning  the  Argonautic  Expedition)  is  only 
its  fabulous  hiftory.  And  the  names  of  the  conftella- 
tions  Sir  Ifaac  has  taken  from  this  fa  mlous  hiftory* 
The  poets  then  cannot  be  milled,  even  to  give 
the  names  of  things  truly.  But  this  writer  is  cer- 
tainly at  liberty  to  call  any  thing  fabulous  he 
pleafes.  He  may  reckon  the  whole  fabulous,  if 
he  likes  -,  and  that  the  expedition  itfelf  is  nothing 
but  a  fable.  The  poets  give  us  a  mixture  of  truth 
and  falfhood,  or  fables  intermixed  with  truth.  This 
Sir  Ifaac  knew,  and  by  his  philofophical Jieve,  could 
tell  how  to  fift  out  the  true,  and  leave  the  fabu- 
^  lous  part  behind.  Whilft  fuch  writers  as  this  Pro- 
feffor  are  forced  to  take  altogether  by  the  lump  ; 
and  not  knowing  how  to  feparate  them,  call  the 
whole  fabulous.  However,  what  Sir  /.  Newton  has 
taken,  is  moftly  from  the  Hiftorians,  who  muft  be 
f  uppofed  to  relate  matters  of  fact,  and  not  fables  \ 
and  thefe  he  corroborates  from  the  teftimony  of  the 
poets.  And  as  far  as  I  can  find,  this  Doctor  is  of 
opinion,  that  the  Conftellations  were  formed  with- 
out having  any  names  given  to  them  $  or  elfe  what 
fhould  hinder  the  names  from  being  tranfmitted 
down  to  pofterity,  as  well  as  the  Conftellations 
themfelves.  Nay,  they  could  not  be  defcribed 
without  their  names. 

The  next  objection  this  Rev.  Doctor  makes  is* 
placing  the  constellation  Argos  in  fuch  a  pofition, 
that  the  principal  ftar  Canopus  could  not  be  feen  5 
and  he  thinks,  it  Jhould  rather  have  been  placed  in 
the  zodiac.  But  any  body  may  confidec,  that  the 
conftellations  in  the  zodiac  are  of  far  greater  ufe 
than  any  of  the  reft,  as  they  ferve  to  iliew  the  mo- 
tions of  the  fun,  moon,  and  all  the  planets ;  and 
therefore  thefe  muft  be  firft  of  all  placed ;  ana1  this 
being  fo,  he  could  not  place  Argos  in  the  zodiac 
without  difplacing  fome  of  the  reft,  that  had  been 
-fixt  before  ;  confequently  it  muft  be  placed  where 

he 
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he  could  find  a  vacancy.  In  the  pofkion  fhe  was 
placed,  her  mails,  fails,  and  rigging  might  be 
feen.  Befides,  it  is  evidently  more  natural  to  place 
the  fhip  in  the  horizon,  with  part  of  her  invifible, 
as  if  under  water,  than  have  her  fufpended  in  the 
air ;  as  fhe  would  have  been,  had  (he  been  fet  in 
the  zodiac,  where  fun,  moon,  and-  planets  move. 
But  let  us  come  to  his  fecond  principle. 

"  2.  That  Chiron  drew  the  colure  of  the  equinoxes 
thro'  the  15th  degree  of  Aries  and  Libra,  &c.  Now 
this  is  a  point  of  hiftory,  which  is  all  the  data  al- 
lowed, and  therefore  muft  be  granted.  If  this 
Profeflbr  difputes  it,  then  he  is  difputing  with  Eu- 
doxus, and  not  with  Sir  L  Newton ;  for  Eudoxus 
was  defcribing  the  fphere  of  the  antients.  But  this 
Doctor  tells  us,  that  he  was  defcribing  the  fphere  in 
his  own  time ;  the  confequence  of  which  is,  that 
Eudoxus  (and  even  Thales)  mufl  have  lived  940 
years  before  Chrift,  which  is  a  manifeft  FalfhoocL 
He  tells  us,  that  in  defcribing  the  colure  of  the 
folftices,  Sir  Ifaac  leaves  off,  and  omits  a  very  mate- 
rial fart ,  which  Hypparchus  adds.  This  fagacious 
Doctor,  it  feems,  did  not  fee  the  reafon  of  this  5 
Sir  Ifaac  had'  data  enough  without  going  any  fur- 
ther, to  determine  what  he  wanted.  And  if  the 
remaining  defcription  was  as  it  ftood  in  Eudoxus's 
time  (as  this  writer  fays) ;  then  what  had  Sir  Ifaac 
to  do  with  that  ?  for  the  pofition  of  the  colures  muft 
be  quite  altered  in  near  600  years.  But  the  Doctor 
feems  not  to  underftand,  that  many  of  the  conftei- 
lations  had  been  mifplaced,  and  drawn  otherwife 
in  fucceeding  ages,  and  could  not  well  be  rectified ; 
and  fuch  as  were  rightly  placed,  or  could  be  rec- 
tified, Sir  Ifaac  made  ufe  of.  Befides,  if  this  Ob~ 
jector  knew  any  thing  in  Aftronomy,  he  would 
eafily  underftand,  that  fuch  ftars  as  are  placed  near 
the  pole,  or  far  from  the  ecliptic,  are  fubjeft  to 
great  errors ;  for  a  (mall  one  there,    becomes  a 

very 
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very  great  one  at  the  ecliptic,  and  therefore  were 
judicioufly  omitted  by  Sir  Ifaac  ;  and  for  this  rea-. 
fon,  he  need  make  no  wonder  of  thefe  being  omit- 
ted. Befides,  where  the  place  of  the  colure  is  too 
generally  defined,  and  a  flar  cannot  be  found  to 
direct  it  with  fufficient  exaetnefs  \  fuch  data  as  thefe 
ought  to  be  left  out.  For  any  body  that  knows 
what  he  is  about,  will  choofe  clear  data  before  am- 
biguous ones  *,  while  fuch  a  judge  as  this  Doctor 
mult  take  all  without  diftinction.  In  order  to  de- 
termine this  point,  Sir  I.  Newton,  with  uncommon 
fagacity  and  judgment,  has  in  either  cafe,  chofen 
five  of  the  beft  defined,  and  moll  unexceptionable 
places,  to  found  his  calculations  upon  ;  which  he 
has  compleated  with  as  much  fkill  and  nicety,  as 
the  folution  of  fuch  a  problem  deferved.  So  that 
the  method  he  has  followed  will  be  admired  and 
approved  by  all  proper  judges;  tho'  it  be  con- 
demned by  fuch  ignorant,  perverfe  critics  as  this, 
that  are  too  dull  to  fee  the  reafon  and  beauty  of 
fuch  a  procefs. 

By  this  judicious  way  of  proceeding,  he  has 
found  the  mean  places  of  thefe  colures  (from  thefe 
five),  to  be  'Taurus  6s  290  15',  and  Leo  6s  2 8°  46', 
which  are  fo  furprifingly  near,  that  the  mod  fcru- 
\  pulous  cannot  expect  any  thing  nearer -,  which  is  a 
full  teflimony  of  its  truth.  '  So  that  at  a  mean, 
the  four  cardinal  points  had  gone  back  is  6°  29', 
which  amounts  to  2627  years.  Nay  further  than 
that,  thofe  very  places  which  this  ProfefTor  fjys  he 
left  out,  he  fhews  that  they  all  fall  in  the  fbitritial 
colure,  as  Eudoxus  had  defcribed  them  ;  and  con- 
fequently  that  this  had  all  the  characters  of  that 
colure,  according  to  that  defcription.  But  this 
purblind  critic  either  could  not  or  would  not  fee 
all  this.  This  being  all  made  plain,  will  he  fay 
that  ,Eudo%us  lived  io  many  years  fince  ?  Yet  he 
fays  as  much,  when  he  fays  Eudoxus  defcribed  the 
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fphere  as  it  was  in  his  own  time.  But  as  far  as  I 
can  fee,  he  will  neither  allow  the  colures  to  pafs 
thro'  the  middle  of  the  figns  in  Eudoxus's  time,  nor 
Chiron's  time,  nor  any  time  elfe  -,  lb  ftrangely  full 
of  contradictions  is  he. 

What  he  fays  about  the  little  Bear  is  nothing  to 
the  purpofe.  If  it  was  not  formed  into  a  conrtel- 
lation  in  Chiron's  time,  what  had  Sir  I.  Newton  to 
do  with  it.  And  even  if  it  was,  it  was  too  near 
the  pole  to  make  any  calculations  upon  -,  but  any 
way,  Eudoxus  could  not  defcribe  the  path  of  the 
colure  in  other  words.  But  if  the  Profeflbr  would 
have  done  any  thing  to  the  purpofe,  he  mould  have 
calculated  how  far  this  ftar  was  from  the  colure  ; 
and  then  a  better  judgment  could  be  made.  He 
like  wife  fays,  it  is  impoffible  to  conclude  from  this  de- 
fer iption  of  the  cardinal  points,  that  Chiron  placed 
them  in  the  middle  of  the  confiellations,  Now  had 
the  Doctor  made  any  calculations  to  fhew  this  im- 
pollibility,  or  to  fhew  how  far  any  of  thefe  points 
deviate  from  the  colure,  he  had  done  fomething. 
But  he  feems  to  be  better  qualified  for  forging  ar- 
guments, than  making  calculations.  But  Sir  Ifaac 
has  actually  made  calculations,  and  has  found  and 
demonilrated  all  thefe  defcriptions  to  be  right,  by 
the  furprizing  agreement  among  all  thefe  obferva- 
tions  •,  which  is  fufficient  to  overthrow  all  the 
Doctor's  wild  guelTes,  and  filence  ail  his  cavils  at 
once,  And  indeed  it  is  no  wonder  to  find  him 
miftaken  in  a  matter,  which  is  quite  out  of  his 
fphere ;  when  he  miftook  in  a  matter  within  his 
own  fphere,  about  the  nature  of  Virtue  -,  till  a 
Lady,  Mrs.  Coburn,  fet  him  right.     O  Doctor  I 

3.  We  come  now  to  his  third  grand  article,  whe- 
ther they  knew  how  to  draw  the  colures  exatlly.  This 
is  fuch  a  childifh  objection,  that  I  don't  know  what 
anfwer  is  fit  to  be  given  to  it.  If  he  means  per- 
fectly exact,  there  is  no  man  at  this  dav  can  do  it. 

K  For 
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For  at  this  rate  the  colures  are  to  be  drawn  pre- 
cifely  thro'  fuch  and  fuch  ftars,  which  can  be 
looked  on  no  otherwife,  than  as  fo  many  mathe- 
matical points,  which  cannot  be.  All  that  can  be 
concluded  from  hence  is,  that  each  colure,  when 
rightly  drawn,  will  pafs  fo  near  any  ftar,  that  the 
difference  cannot  well  be  difcovered,  by  fuch  in- 
struments as  were  then  in  ufe ;  or  that  fuch  and 
fuch  remarkable  ftars,  come  the  neareft  thereto  of 
any.  But  let  us  fee  how  he  argues  upon  this  point. 
He  tells  us,  Eudoxus  was  defer ibing  the  jphere  as  it 
flood  in  his  time  -,  and  in  the  very  next  words  he 
confutes  himfelf  by  telling  us,  we  are  fur e  that  he 
placed  them  wirong*  for  we  can  prove  that  they  were 
not  in  the  -middle  of  the  conftellations  in  his  time.  Was 
ever  poor  Doctor  fo  embarraffed  with  an  argument ; 
he  firft  tells  us,  that  Eudoxus  was  defcribing  the 
fphere  in  his  own  time  ;  and  immediately  after,  that 
fuch  a  defcription  did  not  at  all  agree  with  the 
fphere  at  that  time.  Would  not  any  body  but  this 
Objector  then  conclude,  that  it  was  not  defcribed 
for  that  time,  but  for  fome  other.  Every  circum- 
ftance  leads  him,  as  it  were,  by  the  nofe,  into  a 
direct  path,  and  yet  he  moil  ftrangely  mifles  his 
way.  Inftead  of  doing  that,  he  has  nothing  to  re- 
cur to,  but  that  ridiculous  fhift,  that  Eudoxus  did 
not  knew  how  to  draw  the  colures.  Here  then  it 
feems  we  have  a  famous  Aftronomer,  and  the 
greater!:  of  the  age,  that  did  not  know  how  to 
draw  one  great  circle  perpendicular  to  another  on  the 
fphere,  he  was  fo  very  ignorant.  I  know  not  what 
this  Doctor  may  think,  but  1  believe  ail  the  world 
will  laugh  at  fo  idle  a  chimera.  But  the  Doctor 
keeps  fluttering  about  among  thefe  abfurdities,  not 
knowing  where  to  fix  ;  but  will  readily  agree  to 
any  impoflible  fcheme,  rather  than  to  Sir  /.  Newton. 
Here  one  would  think,  if  Eudoxus  had  milled  his 
aim  in  drawing  thro1  one  fear,  he  would  fcarce  have 
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miffed  two  ;  and  if  he  mhTed  two,  he  would  hardly 
mifs  three  •,  but  by  ftrange  ill  luck,  he  has  miffed 
them  all,  according  to  him.  And  yet  Sir  Iiaac  has 
lhewn  that  he  has  hit  them  all.  So  that  this  great 
ProfefTor  has  made  a  fool  of  Eudoxus,  or  elfe  of 
himfelf.  But  ProfefTor  Sfmfoft9  of  Glafgow,  gives 
a  quite  different  account  of  EUdtixUs,  he  tells  us, 
that  it  is  the  opinion  of  fome  learned  men,  that 
Eudoxus  was  the  author  of  the  chief '  propojitions  in  the 
11th  book  of  Euclid.  See  his  notes  on  B.  12.  Euclid. 
But  to  fhew  you  how  great  an  Aitronomer  this 
ProfefTor  is,  he  quotes  Hipparchus  for  faying,  that 
no  fecondary  of  the  equator,  could  pafs  thro'  all 
the  places,  before  mentioned  to  be,  in  the  colures. 
Now  if  this  Gentleman  knew  any  thing  of  the 
fphere,  he  would  not  at  all  wonder  at  this ;  be- 
caufe  it  is  impoffible,  that  the  two  great  circles  (the 
two  colures)  which  were  perpendicular  to  the  equa- 
tor in  the  time  of  Chiron  ,  I  fay,  it  is  impoffible 
that  the  fame  two  great  circles  mould  be  perpen- 
dicular (or  fecondaries  to)  the  equator,  in  the  time 
of  Eudoxus :  For  Hipparchus  knew  better.  And 
this  is  another  proof,  that  the  fphere  defcribed  was 
not  for  the  time  of  Eudoxus9  but  for  fome  other 
preceding  time.  And  hence  this  Rev.  Doctor  need 
take  no  further  pains  to  make  Eudoxus  an  ignora- 
mus, for  it  will  all  fall  upon  himfelf-,  all  his  argu- 
ments being  founded  upon  his  own  ignorance ; 
and  all  the  confequences  he  draws  from  his  abfurd 
reafoning,  muft  all  fall  at  once.  But  where  is  his 
modefty,  thus  to  fall  foul  of  a  perfon  of  fuch  tranf- 
cendent  abilities  as  Sir  Iiaac  •,  and  who  has  obliged 
the  world  with  fo  many  eminent  difcoveries,  and 
which  were  thought  before  to  be  beyond  human 
art  -,  and  yet  with  no  better  fuccefs,  as  he  himfelf 
appears  to  be  no  judge  of  it  •,  and  with  no  belter 
defign  than  to  degrade  that  great  man,  who  mines 
brighter  for  being  cavilled  at.  For  the  fame  fpirit' 
K  2  and 
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and  genius  that  runs  thro'  his  other  noble  worksy 
are  equally  vilible  in  this  of  his  Chronology. 

I  think  it  needlefs  to  purfue  this  learned  Doctor 
any  further  ♦,  it  is  plain  he  did  notunderftand  what 
he  was  writing  about :  every  incident  confutes  him. 
But  Sir  Ifaac  ftands  firm,  his  plan  is  confirmed  not 
only  by  the  agreement  among  the  obfervations,  but 
alfo  by  a  great  many  other  proofs  of  a  different 
nature,  all  confpiring  to  prove  the  fame  thing.  And 
in  fuch  cafes  as  this,  which  are  not  capable  of  ma- 
thematical demonftration  ;   the  concurrence  of  fo 
many  circumftahces  mud  make  the  thing  fo  highly 
probable,  as  to  take  away  all  doubt  and  fcruple, 
and  give  entire  fatisfa&ion. 

After  it  was  known  that  Sir  1.  Newton  had  writ 
a  book  of  Chronology,  a  foreigner  (one  Abbe  Conti) 
under  the  pretence  of  friendfnip  to  Sir  Ifaac,  ob- 
tained a  copy  of  the  Chronicle  or  Index,  with  a 
folemn  promiie  to  keep  it  fecret.    But  obferve  how 
he  kept  his  promife  ;  he  communicated  it  to  one 
Souciet,  a  jefuit,  who  got  a  bookfeller  at  Paris  to 
print  it,  without  Sir  Ifaac's  knowledge  or  confent ; 
and  with  it  a  pretended  confutation  of  the  Chroni- 
cle, by  the  faid  Souciet.     This  was  fent  to  Sir  Ifaac, 
who  confuted  every  article  of  this  pretended  con- 
futation.   So  that  this  may  be  faid  to  be  ftolen  from 
him,  much  after  the  mariner  that  Leibnitz  Hole  his 
Fluxions;  but  with  a  wcrfe  defign,  to  involve  Sir 
Ifaac  in  difputes  to  oblige  Leibnitz. 

And  the  fame  Souciet,  after  Sir  Ifaac's  death,  writ 
another  TracT  againft  him.  But  Dr.  Halley  mewed 
him,  that  thro'  his  ignorance  in  Aflronomy,  he  had 
made  falfe  calculations ;  and  had  afiumed  a  wrong 
ilar,  for  the  firft  flar  of  Aries  ;  and  lhewed  him 
when  all  thefe  things  v»7ere  rectified,  the  matter 
would  be  jtift  as  Sir  /.  Newton  had  defcribed  it. 
Thus  you  fee  how  this  great  man  has  been  ufed. 

0/ 
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Of  Dr.  Bedford'^  Chronology. 

THIS  Author  is  one  of  the  fame  ftamp  as  the 
foregoing,  or  rather  more  enthuiiaftical ;  for 
if  you  will  believe  him,  he  can  tell  the  very  day 
when  the  mod  remarkable  events  in  the  beginning 
of  the  world  happened.  He  promifes  a  large  book 
with  maps,  wherein,  no  doubt,  he  will  inform  you 
of  the  very  day  when  the  world  began,  where  the 
garden  of  Eden  was  placed,  where  the  Ark  refted, 
and  how  every  Spot  of  Ground  was  peopled  after 
the  Flood,  &c.  And  all  llich  difficulties  as  are 
without  the  power  of  Sir  /.  Newton,  or  any  body 
elfe  befides.  For  in  the  Advertifement  to  the  pre- 
fent  book,  he  tells  us,  that  the  fun  was  created  in 
the  Equinox  on  a  'Thursday,  and  the  moon  at  full ; 
that  God  fpoke  to  Noah  on  a  Sundays  that  Noah 
ceafed  from  bringing  the  living  creatures  into  the 
Ark,  on  a  Sunday  ;  that  God  fpoke  to  him  to  come 
cut  of  the  Ark  on  a  Sunday  ;  that  God  fpake  to 
Abraham  on  a  Sunday  \  that  Solomon  dedicated  the 
temple  on  a  Sunday  -,  that  the  angels  fung  Glory  to 
•God,  for  the  birth  of  Chrift,  on  a  Sunday,  &c.  &c. 
So  that  our  Author,  to  be  able  to  folve  iuch  pro- 
blems as  thefe,  without  any  Data,  cannot  be  lefs 
than  infpired  •,  and  lb  I  believe  he  is,  with  pre- 
emption and  vanity.  But  I  think  few  people, 
who  are  thus  glutted  with  fuch  impoffibilities,  will 
think  it  worth  their  while  to  penetrate  any  further 
into  this  profound  Treatife  ;  in  which  he  is  as  con- 
fident, as  if  he  had  been  prefent  at  every  event. 
I  mail  therefore  only  give  a  few  fpecimens  of  his 
fine  reafoning. 

He  begins   his  bock  With  a  moft  fulfcme  Enco- 
mium upon  Sir  /.  Newton,  as  a  great  Mathemati- 
K  3  cian^ 
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cian  *,  tho'  he  was  no  manner  of  judge  about  it,  as 
•will  be  feen  after,  He  tells  you,  that  Sir  Ifaac's 
Chronology  was  writ  in  his  dotage ;  tho'  Sirlfaac  ex- 
preisly  lays,  he  did  it  when  at  Cambridge,  and 
therefore  when  he  was  a  young  man ;  and  he  only 
reviled  it  when  he  was  old.  And  in  reality  it  had 
been  the  work  of  his  whole  life-time,  at  his  vacant 
hours.  This  Author  tells  us,  the  realbn  that  Sir 
Ifaac  would  not  publim  it  in  his  life-time  was,  that 
he  was  confcious  of  his  miftakes  and  errors.  And 
he  may  as  well  fay,  that  his  refuting  to  print  his 
Optical  leffures,  or  his  book  of  Optics,  was  becaufe 
he  was  confcious  of  their  being  erroneous.  So 
ready  are  fuch  authors  as  this  to  give  falfe  reafons 
for  things,  and  mifs  the  true ;  for  the  true  reafon 
was,  to  prevent  wailing  his  time  in  ufelefs  difputes, 
with  weak  and  obilinate  perfons,  not  worth  a  dif- 
pute,  like  this  Author. 

This  Doctor  feems  to  be  under  great  concern, 
that  Sir  Ifaac's  Chronology  fhould  differ  from  the 
Scripture  Chronology  -,  but  I  believe  it  is  rather 
for  differing  from  three  or  four  bifhops  he  men- 
tions. For  Sir  Ifaac  takes  care  all  along  to  con- 
ne6t  his  account  with  that  of  the  Scripture ;  tho* 
perhaps  not  according  to  the  fenfe  of  this  Author. 
And  becaufe  Sir  Ifaac  differs  from  all  other  Chro- 
nologers,  therefore  he  thinks  it  muft  needs  be  falfe, 
and  fo  he  condemns  it  at  once,  becaufe  not  agree- 
able with  him  and  his  four  Bifhops. 

It  is  no  news  to  tell  us,  that  Sir  L  Newton's 
Chronology  differs  from  all  the  world  ;  it  was  Sir 
Ifaac's  profefled  defign.  Fie  attempted  to  correct 
the  antient  Chronology,  which  no  body  elfe  could 
do,  cr  at  leafl  has  done.  But  this  Rev.  Doctor 
gives  us  nothing  but  a  botch  potch  of  the  common 
Chronology,  with  all  its  inconfiflencies  and  errors  •, 
which  he  knew  not  how  to  get  rid  on,  or  to  mend. 
This  he  intermixes  with  his  own  wild  conjectures ; 

and 
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and  a  romantic  account  of  his  own,  taken  at  ran- 
dom from  all  forts  of  aurhors.  But  let  us  fee  how 
he  goes  on. 

Arguing  againft  Sir  /.  Newton  about  fhip  build- 
ing. He  tells  us,  that  the  firft  pattern  for  Jhips  was 
the  ark,  which  was  made  fquare,  that  it  was  not  de- 
figned  for  failing,  but  to  lie  on  the  water.  How 
comes  it  then  to  be  a  fit  pattern  for  Ihips,  that  are 
to  fail  from  one  place  to  another  ?  And  he  tells  us, 
that  tall  and  long  Jhips  were  probably  invented  by  Ham, 
who  having  been  in  the  ark,  could  not  be  ignorant  of 
navigation.  As  if  a  man  that  was  clofe  fhut  up 
in  a  trunk,  which  was  to  lye  upon  the  fea,  could 
from  that  fituation,  conceive  any  notion  of  navi- 
gation :  fo  little  knows  he  what  Navigation  means. 

Sir  Ifaac  fays,  the  Chronology  of  things  done 
in  Europe  above  80  or  100  years  before  Cadmus 
(who  invented  letters)  cannot  be  admitted.  This 
Do&or  replies,  and  the  hifiory  of  Mofes,  of  the  things 
done  above  1 00  years  before  his  time,  will  be  dedroyed 
by  the  fame  argument.  Here  he  puts  Mofes  upon 
the  fame  footing  as  other  common  hiftonans, 
he  owns  no  difference  of  circumftances. 

Sir  Ifaac  tells  us,  that  Sefac  left  geographical 
tables  of  all  his  conquefts  at  Cholchos :  and  there 
Geography  had  its  rife.  This  Objector  has  nothing 
to  anfwer  but,  it  is  very  feldom  that  fuch  arts  are 
found  out  by  martial  men,  who  have  forne thing  elfe 
to  do.  Here  is  another  inftance  of  his  ignorance ; 
for  can  any  man  invade  a  country,  but  he  muft 
know  or  find  out  the  fituation  of  places,  how  they 
are  bounded  by  one  another,  or  by  the  fea,  &c. 
And  the  knowledge  of  this  is  Geography.  And  his 
ignorance  is  ftiil  further  confirmed  in  this,  where 
he  makes  Sihor  not  to, be  the  Nile,  but  a  river  in 
the  country  of  the  Amalekites,  where  there  is  no 
fuch  river.  When  he  writ  this,  he  certainly  was 
not  capable  of  thinking. 

K  4  Sir 
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Sir  lfaac  fays,  the  temple  built  by  Menes  could 
not  be  above  two  or  three  hundred  years  older  rhan 
Pfammiticus  that  finiihed  it.  This  Doctor  aniwers, 
Chronology  may  be  reduced  fiitt  further  •,  for  B  erod 
the  great,  who  was  alive  at  the  birth  of  Cbrifl, 
fmifhed  Solomon's  temple  •,  and  thei  efcre  it  could  not 
be  above  two  or  three  hundred  years  older  than  the 
reign  of  Herod.  So  that  this  blundering  writer 
cannot  tell  the  difference  between  finifbing  and  re- 
fairing.  There  are  endlefs  examples  of  fuch 
wretched  fluff  as  this  given  for  reaibns  and  ar- 
guments, and  hardly  any  thing  better. 

His  reprefenting  Sir  /.  Newton  as  not  capable  of 
knowing  what  was  demonfiration  and  what  was  not ; 
is  very  conformable  to  the  fentiments  and  difpo- 
fkion  of  fuch  a  brute  as  this,  that  has  not  the  leaft 
idea  of  the  nature  of  a  demonilration.  Now  for 
fome  ilrokes  of  his  aftronomical  genius. 

The  firfl  thing  of  this  fort  that  he  prefents  us 
with,  is  the  calculation  of  the  fun's  place  2066 
years  before  Chrift,  which  place  he  falfely  makes 
in  Capricorn  140  8'  19"  \  which  fhould  be  Sagitary 
1 30  23'  20".  The  Egyptian  year  did  not  take 
place  1 3 19  years  before  Nabonajfar  ;  and  if  it  did, 
this  abfurd  calculation  proves  nothing  at  all.  Yet 
from  this,  he  makes  the  diftance  of  the  fun  from 
the  tropic  only  45',  when  he  is  21  days  from  it, 
by  his  own  calculation.  Nor  does  it  appear  by  what 
fort  of  legerdemain,  he  makes  4.5™  anfiver  to  21 
days.  Aiio  it  may  be  obierved,  from  his  procefs, 
that  he  makes  the  Julian  year  take  place  from  the 
Era  of  Nabonajfar  ;  which  is  another  blunder. 

V/hen  the  Julian  year  begun,  he  tells  us,  the 
beginning  of  the  year  was,  when  the  fun  was  in 
Capricorn  8°  50'  55 ",  and  its  diftance  from  the 
tropic  1  i1  y  fo  by  this,  the  tropic  was  in  about  8°  33' 
of  Capricorn,  which  is  an  abfurdity. 

He  makes  a  remark  from  Sea/iger,  that  the  co- 
lure 
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lure  could  not  pafs  thro'  the  tail  of  the  ferpent, 
altho'  there  is  no  calculation  made  about  the  fer- 
pent 5  fo  that  this  is  nothing  to  the  purpofe.  Yet 
he  concludes  that  the  colure  had  been  placed  wrong, 
juft  the  fame  as  Dr.  Rutberfortb  fays,  an  aflronomer 
as  wife  as  himfelf. 

This  author  tells  us,  the  mariners  at  fea  find  out 
the  latitude  of  the  place,  not  from  the  exacl  height  of 
the  fun  at  noon  ;  and  from  fuch  fturF  as  this,  he  tells 
you  that  Chiron  (or  fome  other)  would  place  the 
fummer  folftice  and  its  colure,  not  at  the  entrance  of 
Cancer  itfelf  but  before  it. 

In  quoting  Hipparchus,  he  tells  us  Hipparchus  well 
knew  there  was  1  reo  years  between  the  time  of  the 
argonauiic  expedition,  and  the  difcovery  cf  the  motion 
of  the  equinox.  But  certainly  the  author  does  not 
well  know  what  he  writes,  for  if  Hipparchus  had 
known  this  fowell,  he  would  have  told  us  fo.  And 
all  the  confequence  he  draws  from  this  fuppofition 
is  nothing  but  a  heap  of  abfurd  nonfenfe. 

The  next  agronomical  fiourifh  he  makes,  is  to 
calculate  the  time  of  Arclurus'  riling;  -,  but  before 
he  begins,  he  has  his  way  to  pave  with  fo  many  ifs 
and  and >, and  fuppofitions,  that  the  reader  mull  be 
furfeited  before  he  begins  his  calculation.  Then 
he  afiumes  the  lat.  of  Cuma  ( but  it  was  Afcra  where 
Hefiod  lived),  to  be  38°  5^,  which  mould  be 
390  20'  at  lead,  but  no  body  can  tell  exactly  ;  but 
a  fmall  error  will  do  him  a  deal  of  fervice,  and 
he  can  apply  it  his  own  way.  In  calculating 
from  his  data,  he  finds  the  declination  of  ArBurMs 
an.  870  before  Chriil,  to  be  340  25',  which  mould 
be  340  19'  32^;  and  his  right  afceniion  1/90  32', 
which  mould  be  178°  21'  ;  and  fo  finds  Arcturus 
at  fun-fet,  20  56'  under  the  horizon,  which  ihould 
be  i°  46',  by  his  own  data,  if  he  had  wrought 
right.  New  this  eminent  aflronomer,  or  his  com- 
puter, 
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puter,  has  made  no  manner  of  allowance  for  re- 
fraction ,  which  being  done,  it  will  bring  Arfturus 
very  near  the  horizon,  as  it  ought.  Nor  does  he 
take  notice  of  refraction  in  the  red  of  his  fublime 
calculations  that  follow.  But  to  make  all  clear, 
he  tells  us,  that  the  number  60  may  ftand  for  $5, 
or  6  $,  &c.  which  is  a  poetic  a  licentia^  that  I  did 
not  underftand  before. 

This  doctor  tells  us  Sir  Ifaac's  whole  book  is 
built  upon  this,  that  Chiron  made  a  fphere,  &c. 
But  this  is  a  moft  impudent  falfehood,  for  the  whole 
book  is  not  built  upon  this  ;  it  ftands  upon  many 
more  pillars,  which  this  writer,  with  all  his  fophiftry, 
is  not  able  to  demolifh.  Whether  Chiron^  or  who- 
ever made  the  fphere,  it  will  be  the  fame  thing  5 
if  it  was  made  at  that  expedition,  or  a  little  after, 
as  there  is  no  room  to  doubt. 

This  Rev.  Doctor  contends  that  the  ages  of  men 
were  longer  in  ancient  times  than  at  prefent;  and 
therefore  he  thinks  Sir  Ifaac  has  made  them  too 
fhort.  But  he  cannot  make  it  out,  that  they  were 
any  longer  within  the  bounds  of  this  chronicle. 
And  David  will  be  againft  him ;  for  he  tells  us, 
not  of  one  particular  man's  age,  but  in  general, 
that  the  age  of  man  is  70  or  80  years,  as  at 
prefent, 

And  the  like  objections  he  makes  againft  the 
reigns  of  kings ;  tho'  Sir  Ifaac  has  confirmed  the 
thing  by  fo  many  catalogues  of  vaft  length.  And 
this  Author's  picking  out  fliort  catalogues  of  greater 
lengths,  whether  of  ages  or  generations,  is  nothing 
to  the  purpofe.  He  may  as  well  take  one  age  or 
one  generation,  as  a  ftandard  of  all  the  reft.  But 
this  is  not  doing  juitice  to  the  caufe. 

This  worthy  Doctor  is  fo' enraged,  that  Sir  I. 
Newton's  Chronology  is  oppofite  to  ail  the  world 
befides  •,  that  he  damns  it  at  once  by  wholefale  ;  and 
fails  into  fuch  a  ftrain  of  raillerv  as  is  hardly  to 

be 
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be  matched  in  all  Billingfgate.  He  can  talk  of 
nought  for  feveral  pages  together  but  contradicting 
the  Scriptures.  This  fyftem  of  Chronology  giving 
men  a  difmal  tintlure,  rooting- out  of  religion, 
bringing  in  infidelity,  that  fuch  poifon  ought  not  to 
go  abroad ;  the  Devil's  fpite  againft  the  facred  or  a* 
'  cles,  and  the  muftering  of  his  forces,  llafphemies9 
herejies,  liberty  for  new  religions,  Atheifm,  Deifm, 
Hell  torments,  man's  immoralities  and  debaucheries* 
attacks  on  Chriftianity  and  Scripture  Chronology ; 
fmoaks  arifing  out  of  the  bottomlefs  pit,  that  darken 
the  fun  and  the  air,  &c.  &c.  and,  I  believe,  by  the 
time  that  the  reader  has  got  thro'  it  all,  he  will 
be  nearly  choaked  with  all  this  tmoke.  And  all 
this  Rant  is,  becaufe  men  v/ill  not  fwallow  every 
ilupid  thing,  that  fuch  men  would  cram  down 
their  throats.  After  fo  pathetic  an  harangue,  no 
body  need  have  any  doubt  about  his  pacific  difpo- 
fition ;  this  pious  Doctor,  I  believe,  will  hardly 
fend  any  man  to  heaven,  that  fhould  prefume  to 
give  any  credit  to  fuch  a  vile  book  as  Sir  /.  New* 
ton's  Chronology.  But  I  underftand  not  why  all 
this  fluff  is  introduced  here  into  a  book  of  Chro- 
nology ;  except  this  pious  Doctor  meant  to  call 
down/n?  from  heaven  upon  all  fuch  wicked  perlons, 
as  fhould  take  the  liberty  to  differ  from  him  in 
v  Chronological  matters,  as  well  as  in  Religion. 

He  frequently  mentions  Sir  /.  Newton  as  a  great 
and  eminent  Mathematician,  nay,  the  greatefl  in 
the  world.  Yet  he  dare  not  trufl  him  with  the  fo- 
lution  of  certain  aftronomical  problems  •,  but  at- 
tempts to  give  more  exact  folutions  to  them  him- 
felf.  At  this  rate  he  muft  be  a  greater  mathema- 
tician, and  a  greater  than  the  greatefl  in  the  world. 
Or  perhaps  Aftronomy  muft  rather  be  reckoned  a 
part  of  Divinity,  than  of  Mathematicks. 

However  compleat  he  may  be  in  the  mathema- 
tical arts,  he  is  certainly  compleat  in  the  art  of 

Squab- 
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Squabbling.  For  example,  Sir  Ifaac  tells  us,  that 
the  obfervations  of  the  ancients  were  but  coarfe. 
This  word  is  of  infinite  fervice  to  him,  and  he 
chews  it  over  and  over.  By  the  magic  of  this  word 
he  can  make  any  error,  great  or  fmall,  ferve  his 
turn.  For  if  he  miffes  his  mark  never  fo  far,  he 
can  always  account  for  it  from  the  coarfe  obferva- 
tions of  the  antients.  This  with  him  is  a  word  of 
great  latitude,  and  has  no  bounds. 

I  fufpcct  what  irritates  his  temper  moft  of  all  is, 
that  this  regular  fyftem  of  Sir  Ifaac's  is  likely  to 
overturn  his  great  Babel ;  which  makes  him  labour 
with  might  and  main  to  fecure  it ;  but  with  more 
fains  than  prudence.  For  there  is  as  much  diffe- 
rence between  them,  as  between  a  regular  and  beau- 
tiful garden,  and  a  confuied  wildernefs. 
•  But  to  take  my  leave  ot  this  Author,  this  re- 
no  vvned  Champion  for  vulgar  errors  •,  Sir  Ifaac 
having  proved  OJitis,  Bacchus,  and  Sejoftris  and 
Sefac,  to  be  all  one  and  the  Tame  perfon.  As  each 
of  them  was  king  of  all  Egypt  at  the  very  fame 
time,  and  by  a  great  many  other  circumftances 
common  to  them  all.  This  acute  Reafoner  argues 
thus  •,  there  were  three  famous  men  in  the  world,  Han- 
nibal, Bellifarius*  and  Churchil  -,  they  were  all  very 
eminent  generals,  remarkable  for  their  courage  and  con- 
duel,  led  their  armies  into  foreign  countries,  fought 
many  batt.es,  took  many  towns,  &c.  therefore  they  are 
the  fame  with  the  Duke  of  Marlborough. 

But  pray  ftop  a  little  Rev.  Doctor,  did  all  thefe 
men  go  into  the  fame  foreign  countries,  fight  the 
fame  battles,  take  the  fame  towns,  &c  ?  if  not, 
•  where  is  the  fimilitude  ?  Now,  Sir,  as  foon  as 
you  can  make  out,  that  thefe  four  men  were  each 
a  general  of  the  whole  army,  at  one  and  the  fame 
time,  in  one  and  the  fame  place  'as  the  parallel - 
requires)  -,  then  in  fpite  of  your  Logic,  they  will 
be  one  and  the  Jams  man,  or  rather  four  different 

names 
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names  for  the  Jawe  man.  This  Doftor  is  certainly 
very  unhappy  in  drawing  parallel  cafes,  to  chufe 
fuch  where  all  the  circumftances  are  different,  in- 
ftead  of  being  the  fame  or  like.  But  for  all  that, 
the  conclufion  will  be  the  very  fame  with  him, 
whether  the  circumftances  be  the  fame  or  diffe- 
rent. Does  not  his  fcarlet  blufh  at  this !  Could 
any  body  of  common  fenfe  offer  fuch  childifh 
things  to  the  public.  He  certainly  has  a  mean 
opinion  of  his  readers,  to  think  they  can  be  thus 
impofed  on.  Yet  all  his  parallel  cafes  are  of  the 
fame  kind. 
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